PRELIMINARY GEOTECHNICAL INVESTIGATION REPORT
COWBOY HEAVEN DEVELOPMENT
PHASE 3-C: Areas IIL, IV, and V
MOONLIGHT BASIN RANCH
BIG SKY, MONTANA

Prepared for:
Moonlight Basin Ranch

P.O. Box 1369
Ennis, Montana 59729

February 8, 2007




WOMACK & ASSOCIATES, INC.
RO. Box 12650 « Jackson, WY 83002 « Office (307) 733-7209
Fox (307) 733-8005 » Cell (307)

* Gaofechnical Engineering * Geology

February 8, 2007

Lee Poole

Moonlight Basin Ranch
P.0. Box 1369

Ennis, Montana 59729

RE: GEOTECHNICAL INVESTIGATION, COWBOY HEAVEN PHASE 3-C, AREAS IIL, 1V,
AND V, MOONLIGHT BASIN RANCH, BI1G SKY, MONTANA.

Dear Lee: -

We are pleased to present this report on our geotechnical investigation for the Cowboy Heaven Phase 3-C
Development Areas 111, IV, and V, Moonlight Basin Ranch, Madiscn County, Montana. Two copies are
enclosed. The report describes site conditions and presents conclusions and recommendations.

If you have any questions about this report, or if we may provide other services to you, please contact us.
As the project progresses, we will be available to answer questions for you,

s

mY
Ray Worgack,
Enclosyge: Rep




PRELIMINARY GEOTECHNICAL INVESTIGATION REPORT
COWBOY HEAVEN DEVELOPMENT PHASE 3-C: Areas II1, IV,and V
MOONLIGHT BASIN RANCH
BIG SKY, MONTANA

Prepared for:
Moonlight Basin Ranch

P.O.Box 1369
Fnnis, Montana 59729

Prepared by:
Womack & Associates, Inc.

P.0. Box 12650
Jackson, WY 83002

February 8, 2007




Womack & Associates, Inc. -i-

TABLE OF CONTENTS
LSt Of FIGUIES c.vetiieieiiitee ettt ettt st ss e st s e sn e s n e il
LASt OF TABIES <ottt e e s e et il
LISt OF ADPDPENUICES 1.ovvireeeireeeer ettt as s e s b e st st e sba e s be e bbesra s be s ana e s e ii
LISt OF EXRIBIES ..cveciiitiiectiees et ir et ee et rae e s s et e e ee e s e e e e e s stessensaesananesraesseas ii
EXECUTIVE SUMMARY .ottt ettt s et enses e sae e ss s acs e msasasabeabesaes
2.0 PROPOSED CONSTRUCTTION ....coiiiiiiiiitiiecie it ree e s stsesns s asns s ee s
3.0 INVESTIGATION PROCEDURE ..ot e st e e e enne
3.1 Analysis of Aerial Photographs..........cccooooiiiiiine 3
3.2 TField Investigation ...........cccoooiiiiiiimiini e 3
3.3 Laboratory AnalySiS.......o.coooiiiiiiii e 3
3.4 Report Preparation..........ccoccccovviieiriiiinineiiiie et sanaes 3
4,0 SITE CONDITIONS ...ttt ettt et ar et ettt n et s sme e en s easaeanbasassraas
4.1 DESErIPHION ....ocooiiiii e e s s 4
A2 GEOIOZY ..ot e e e e s 4
4.3 LanmdsHdes.........cooooviiiiiiiiiii e e s 5
ded ATATIL ..ottt s s n e e 5
4.5 AXEA LV sttt e e e 6
B0 AFEA V it ettt srane s rnese e nee s reeenen 6
4.7 GroUNAWALEY.......cccooiiiiiiiiiiiae et r et e e serr e e ae e e senee s smre e e s ennnessae 7
4.8 Earthquakes and Selsmicity ........cccoooiiiiic e 7
5.0 ENGINEERING ANALYSIS ..oteieereenteermereree e snreaeerseneceane st saesabessssnssensessens
5.1 Consolidation/Swell Potential..................cc.coco, 10
5.2 Bearing Capacity .....ccccoviviiiiiiiiiirrernesrree e veressrne s e e s i s s st e a s 10
5.3 Lateral PreSSres .........cccoooeiieiiiecrseerercressee e seenesnesrsnassreessanesiessasassaessaseseses 10
5.3.1 ACHVE PIESSUIES c.eocviieee e eieeseees e reses e s e ess e s e e s sresne s e r s e r s s et s ssbbrassamsesaessaen saennsnssstensbnes 11
5.3.2 PASSIVE PIESSUIES ..ot ereeieieacr ettt ca st s st st st sa e seb s et s s e s ea s s sm e et e s e snsnr e 12
5.3.3 AT-REST PrESSUIES .oiviiiiii ittt es st e s e e e a s e prs g e b n e enansaee 12
5.5 S0Il FRICtION ....oovoviiiiiviieiieieieitete st e e ee e e e 12
6.0 RECOMMENDATIONS ..ottt erease e e seeere s e e e s sa s s b eaaens
6.1 General Siting Recommendations..............cccooooeeeinniinncicin, 13
6.2 FOoundAatiOns..........ccocoeiiiiiiiiiiiiiiiaiiiiitieieesiesestbe s st e s s e e sssmseeneseesabneesasnessnsnasenes 13
6.3 Site Grading and Preparation ............cccoccoinviriniininniici 13
6.4 Foundation Prainage..............cccriiiiiininiiini s 14
6.5 Interior Slabs-on-Grade...........cccoooiiiiiiiiiiiiiiii 15
6.6 Exterior Slabs-on-Grade............c.c.ccooiiiiiinii 18
6.7 Ventilation and Radon .............ccc.ccoovinininn. trerereeeereesaaneaneeneneseesene e nans e 20
6.8 Reinforcing, Utilities Testing, and Concerete Considerations ........................ 20
6.9 Observation during COnStrUCHON ..............cccoieviuiicrereeree et sessrereesesranes 20
7.0 LIMITATIONS L ettt rrene st e e e sr e e st sab et e bt st s sas b as s as

8.0 REFERENCES ....ccoovivireninns e eaeneedbeeteatbeeLset ot s e et et n e s R as R e s b e e s e b aens

W:\C%iems\BigSky\Moon]ight\Z()O’?\MBRCowbojPhaseB- Areas 3,4,6.doc




Womack & Associates, Inc. ~fi-

List of Figures
Figure 1: Seismic Response SPectra............oouuiiiiiiiiiiii e
Figure 2: Foundation Drainage Alternatives...... ...
Figure 3: Interior Slab-On-Grade and Ventilation System Detail.......................
Figure 4: Exterior Slab-On-Grade Drainage Detail...........cooooi i e,
List of Tables

Table 5-1: Lateral PreSSUFE PAFAITIETETS .ooieooiie e eeeiisties et esbssessesteesassssssssamestestasssseatensessssensessessesssnsesns sevnsssassesnesmesnne
Table 6-1: COmPAction PATAITETETS. «.....ocovvrerie et cccteee et cmr e e e esescaemrmses s e ssrarere s esemsere e eb st hs i ba bbb bt sbsbeaan

List of Appendices

Appendix A —Test pit logs
Appendix B ~Borehole and test pit logs from previous investigations

List of Exhibits

Exhibit 1 — Site Plan and Geologic Map with Boreholes, Test Pits and Cross-Section Locations

WClients\BigSky\Moonlight\2007\MBR CowboyPhase3- Areas 3,4,6.doc

........................ 16

17

11
14




Womack & Associates, Inc. -I-

EXECUTIVE SUMMARY

The purpose of this investigation was to evaluate subsurface conditions for three specific areas of the Cowboy
Heaven development Phase 3-C: 1) Area III 2) Area IV 3) Area V. The geologic map has also been updated to
reflect results of other investigations performed at Cowboy Heaven over the past few years. Five test pits were
excavated to investigate soil and groundwater conditions. The Cowboy Heaven development area is situated
primarily on “dip slopes” on the north side of Lone Mountain. A relatively small area along the west edge of the
subdivision is located on ancient dormant landslides (Exhibit 1). The rest of the proposed development area is
located on ground that appears to be stable under current conditions. Subsurface conditions are variable even in
the mapped areas, and site-specific subsurface investigations are strongly recommended for individual building
sites throughout the development area, Limited site access at the time of the investigation precluded detailed
exploration, This report is believed to be adequate for planning and subdivision design. Detailed foundation design

for buildings is likely to require lot-specific exploration.

Of the five test pits, only one encountered material that could be considered suspect with regard to previous mass
movement. The majority.of the test pits encountered bedrock that was either flat-lying or inclined with a sub-
perpendicular orientation relative to the local slope. Areas IV and V are underlain by coherent sandstone and
weathered claystone bedrock. Area T is underlain by northward-dipping shale, claystone, and bentonite with some
evidence of shearing apparent in the bentonite. The sheared bentonite is near the surface and can be addressed by

focal over-excavation of foundation cuts.

Areas IV and V that are underlain by sandstone bedrock appear to be acceptable for development using standard
construction methods. For areas underlain by shallow bedrock with bentonite beds, some modiﬁcati.on to
foundation design and subgrade improvement may be required depending on local site conditions. In most cases
the sé[ected technique will probably be to “key” the foundation through the bentonitic clay layers into the
underlying bedrock, using relatively short drilled piers or engineered fill to replace the soil. Multiple bentonite
beds often occur in the bedrock, and it is important to verify that all shear zones and shallow bentonite beds are

penetrated by the foundation elements.
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1.0 INTRODUCTION

As authorized by Moonlight Basin Ranch, Womack & Associates, Inc. conducted a preliminary geotechnical
investigation for the proposed Cowboy Heaven Phase 3-C Development, Areas III, IV, and V in Section 24, T6S,
R2E, Madison County, Montana. The scope of services included reconnaissance level field mapping, and logging
and sampling of 5 test pits. The purposes of this investigation are to verify the thickness and consistency of potential
landslide deposits observed during previous investigations, document subsurface soil conditions in previously
unexplored areas, evaluate soil-engineering properties, and provide preliminary recommendations for site
development. Considering the variability in subsurface conditions and gaps between exploration points, the report
should be used for planning and preliminary design purposes only. Site-specific geotechnical investigations will be
required for final design of individual structures. This work complements the previous investigation undertaken for

Cowboy Heaven Phase 3A to the west.

This investigation targeted only specific areas of the overall development in Section 24. A large portion of Section
24 has been evaluated during previous geotechnical investigations including the geotechnical investigations for
Moonlight Lodge and Saddle Ridge Townhouses {Womack & Associates, 1996, 1998, and 1999), preliminary
geologic hazards evaluation from aerial photographs for a large area of Moonlight Basin (Womack & Associates,
1998), preliminary investigation of Cowboy Heaven Phase 2 and 3 (Womack & Associates, 2001), and preliminary
investigation of Cowboy Heaven Phase 3 (Womack & Associates, 2002). Where appropriate, subsurface
information, laboratory test results, and geologic interpretati.ons from the previous investigations are incorporated
into this report; however, the previous studies should be referenced for conclusions and recommendation for areas
outside the specific locations addressed in this report. Exhibit 1 represents a compilation of geologic interpretations

from our current and previous investigations and supercedes all previous versions of this map.

20 PROPOSED CONSTRUCTION

According to the preliminary plat for Cowboy Heaven Phase 3-C, Area 11 is slated for development as single-family
homesites and condominiums. There do not appear to be plans on the current plat for development of Areas IV and
V. Specific plans and detailed foundation designs are unavailable. Depending of the subsurface conditions on each
lot, foundation elements may include perimeter spread footings with stem walls and concrete slab-on-grade floors,
reinforced concrete mat fouﬁdation_s, or deep foundations such as helical or drilled piers. Foundation subgrade
improvement and remedial slope stabilization measures may -be required on some lots prior to construction.
Coherent sandstone and claysione bedrock underlie much of the area, but the limited presence of landslide debris and
shale bedrock with weak bentonitic clay layers indicates that the proposed homesites should be located and designed

1o cater to specific site conditions.
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3.0 INVESTIGATION PROCEDURE

3.1  Analysis of Aerial Photographs
Recent (August, 1994; October, 1998) large format black-and-white aerial photographs were viewed

stereographically to identify landslide features and glacial terrain. Geologic features identified on the air photos,

refined using information from our reconnaissance field mapping and preliminary subsurface investigation, were

transferred onto a topographic base map (Exhibit 1).

3.2 Field Investication

Field work conducted on June 23, 2003, consisted of excavation and logging of five exploratory test pits. Data from
earlier reports were utilized where appropriate. A preliminary geotechnical investigation for Cowboy Heaven was
addressed in a report by Womack & Associates in September 2001. The test pits were spread across the three areas,
with two in Area TII, one in Area IV, and two in Area V. The test pits were excavated to practical refusal or to the
reach limit of the trackhoe at depths ranging from 8 to 12 feet. The excavation equipment was provided by
Moonlight Basin Ranch. Test pit locations are shown on Exhibit 1. Refer to Appendix B for copies of logs from

earlier reports.

Soil types, thicknesses, and consistencies were observed and documented by an Engineering Geologist. Field
conditions were described for all soil and rock types observed and representative samples were obtained from the

soil horizons. Note that site conditions are highly variable and actual soil conditions across the site will differ from

those represented in the borehole and test pit logs.

33  Laboratory Analysis

No laboratory tests were conducted for this investigation. Based our experience in the area, laboratory testing was

judged unnecessary.
34  Report Preparation

The report presents results of air photo analysis and geologic mapping, subsurface exploration, engineering analysis,

and recommendations for development and possible mitigation measures.
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4.0 SITE CONDITIONS

41  Description

Areas 111, IV, and V of the Cowboy Heaven Phase 3 Development are located on north and east-facing slopes of a
convex hillside at elevations of 7,880’ to 8,000°. Local slope angles vary from 6° (Area V) to 35° (Area I11). Current
land cover includes a mix of open meadow and mature coniferous forest. No potential geologic concerns were
identified at areas IV and V appear to be devoid of potential geologic concerns, as these areas are underlain, in the
area tested, by coherent flat-lying sandstone and claystone bedrock within three to five feet of the ground surface. No
evidence of shearing or other mass movement is apparent. Area III is not quite so straightforward, as our
investigation here encountered a sheared bentonite zone within shale bedrock. This area is very steep, as well. No
landslide deposits are apparent and coherent bedrock is within seven feet of the ground surface. Site-specific
investigations will be required for new construction in Area I1I and buildings will likely need to be keyed to coherent

bedrock underlying the bentonite.

42  Geology

The basin to the north of Cowboy Heaven is the topographic expression of the northwest-trending Lower Basin
geological syncline (trough) that parallels the Spanish Peaks uplift to the northeast (Montagne, 1976). It has been

glaciated and is covered in most places by a veneer of glaciat till.

The Cowboy Heaven development area is underlain by thinly bedded to laminated shale of the Cretaceous Colorado
Group (Bolm, 1969), possibly within the subdivision of the Group named the Albino Formation or in the
undifferentiated shales and siltstones above the Albino. The Albino Formation is described as non-resistant
claystone, shale, and sandstone, with siliceous ash layers that have weathered to bentonitic clay. Numerous bentonite
beds have been encountered in the shale. These appear to have provided the zones of weakness that sheared when
the landslides moved. Near the development area, the sedimentary rocks are generally inclined (dip) to the north at
about 0 to 20 degrees, roughly parallel to the slope of the ground surface. The dip of the layered bedrock appears to

increase locally to about 30 to 40 degrees toward Lone Mountain to the south.

The Albino Formation and other late Cretaceous age rocks in this region have been extensively intruded by andesitic
vo]canié rocks of the Tertiary-age Lone Mountain igneous intrusive (Swanson, 1950). The andesite volcanic rock
has invaded the older shales, and is referred to as a “Christmas tree laccolith®, which in cross-section has branching
vaults resembling the limbs of a tree. On the slopes north of Lone Mountain, layers of andesite have been injected
along the bedding of the shale, and rocks believed to be andesite were observed in contact with shale in several test
pits excavated in 1999 south of about elevation 8,240 (Exhibit 1).The intrusion dilates the shale, such that the dip

increases closer to Lone Mountain and decreases downslope.
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43  Landslides

Kehew, et al (1971) and Montagne (1976) did not map the large landslides on the north slopes of Lone Mountain. A
preliminary map of the landslides prepared by Womack & Associates, Inc. (1998) included a slide lobe in the
western portion of the proposed development area. The geomorphic expressions of the landslide deposits include
hummocky topography, closed depressions, ponds, and small head scarps (slope breaks). The approximate locations

of the landslides at Cowboy Heaven Phases 2 through 4 are shown on Exhibit 1.

The landslide deposits appear to be relatively old (perhaps thousands of years) and inactive. The ages of the
landslides are unknown. Bailey (1971) observed that many landslide failures in this region of the northern Rocky
Mountains were caused by an increase in available moisture and a higher water-table level in the Pleistocene (about
1.8 million years to 6,000 years before present). The landslide deposits at Cowboy Heaven are typical of large
ancient landslide failures throughout the northern Rocky Mountains. Many of the landslides probably occurred
immediately after the withdrawal of the ice following the last glacial period (approximately 10,000 years before

present).

The landslides appear to consist predominantly of “dip slope failures”; i.e., sliding has occurred along weak beds in
the shale, which is oriented approximately parallel to the slope. As discussed in Section 4.2 (Geology), the Albino
Shale contains numerous bentonitic clay beds, and some of the test pits encountered one or two bentonite layers up to
3 feet thick. The test pits excavated during previous investigations that penetrated the slide deposits consistently
encountered a sheared bentonite layer along the base of the debris that conforms to the bedding of the underlying
rock. In some cases (e.g., TPO1-9 and TPO1-14, Womack & Associates, 2002), virtually intact layers of shale
(“glide blocks™) up to 7 feet thick had clearly been displaced. A “glide block™ is a relatively intact section of rock
mass that has moved downslope with translational displacement along a planar (bedding) failure surface. Therefore,
encountering bedrock is not necessarily an indication that an excavation has reached the bottom of the landslide

debris. No landslide terrain features were encountered in the preliminary investigation of Phase 3 Areas III, IV, and

V.

44  Arealll

Two test pits were excavated in the vicinity of Area I11. Test Pit locations for test pits TP0S-1 and TP05-2 are shown
on Exhibit 1. Subsurface conditions are depicted on logs included in Appendix A. Test pits TP05-1 and TP05-2
were excavated to depths of 10 and 12 feet, respectively. Test pit TP05-1 encountered interbedded claystone and
shale dipping north at an angle of about 38° (oriented ﬁerpendicular to the local ground surface, which faces east).
Test pit TP035-2 encountered highly fractured shale bedroék with a single highly sheared bentonite bed. The shale
was described as slightly moist, weak, weathered, and highly fractured. The bentonite bed was 0.7 to 3.5 feet thick
“and was described as slightly moist, light brown, highly plastic, highly fractured weathered claystone that appears
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sheared from folding. The presence of sheared bentonite in this area indicates the need for further investigation in
advance of construction. The orientation of the beds perpendicular to the local slope reduces the likelihood of
landslide movements at this site. Aerial photo analysis did not indicate the presence of landslide features at Area [II.

Buildings at this site will likely need to be keyed into the shale below the bentonite layer, by means of over-

excavation or pile systems.

45 ArealV

For this investigation, one test pit was excavated in the northern portion of Area IV (test pit TPO5-5; Exhibit 1). The
test pit encountered flat-lying strata with no indication of previous mass movement. The upper 4.8 feet of the soil
column is composed of topsoil and residual claystone, with sandstone bedrock below to the bottom of the hole at 8
feet. The topsoil is I foot thick and was described as moist, black, soft silt with organic material and roots. The
residual claystone is essentially a soil due to weathering processes and was described as light tan, soft to firm clay.
The sandstone encountered from 4.8 feet to 5.4 feet was described as red brown and very strbng with 2 to 6 inch
joint spacing and 1 to 2 inch bedding. From 3.4 feet to the bottom of the hole at 8 feet, the sandstone was described
as medium brown and weak with 6 to 8 inch joint spacing and 2 to 4 inch bedding. Test pit logs detailing site
conditions are attached in Appendix A. Removal of the topsoil and residual claystone from below all foundation
footings will likely be necessary for new construction. The sandstone bedrock, while logged as very weak rock, is
still considerably stronger than most soils and will likely provide adequate bearing conditions in this area. Site-

specific investigations are recommended for individual buildings in Area IV.

46 AreaV

Two test pits were excavated in Area V, both to depths of 8 feet (TP05-3 and TP05-4; Exhibit 1). The test pits
encountered flat-lying strata with no indication of previous mass movement. Test pit TP05-3 encountered coherent.
bedrock at 5 feet below the ground surface. The upper portion of the soil column in test pit TP05-3 was composed of
0.5 feet of topsoil underlain by 2 feet of colluvium, which in turn is underlain by 2.5 feet of claystone. The colluvium
was described as moist, brown, soft, plastic clay with sand and gravel. The claystone was described as moist, light
brown, weathered claystone with some sandstone in a soft clayey matrix. The colluvium and claystone contain too
much plastic material be appropriate bearing layers for foundations. As a result, the upper 5 feet of the soil column will
likely need to be removed below foundation footings down to the coherent sandstone bedrock below. TP05-4 is located
directly upslope of TP05-3 and encountered bedrock at a depth of 3 feet with no colluvial cover, suggesting that

colluvium thickness increases downslope.
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Test Pit TPO5-4 encountered strong sandstone bedrock at a depth of 3 feet, continuing to the bottom of the hole at 8
feet. The uppet 3 feet of the soil column is composed of 0.5 feet of topsoil and 2.5 feet of weathered claystone. The
weathered claystone was described as moist, orange/brown, soft, plastic clay with some 3-inch minus sand and gravel.
The sandstone was described as moist, medium brown, strong, nearly horizontally bedded, jointed angular fragments
with 10 inch maximum diameter. The weathered claystone should be removed from beneath foundation footings due to
its high plastic content. The sandstone bedrock encountered at 3 feet will provide good bearing conditions. We
recommend site-specific investigations for new construction in Area V. Detailed logé describing field conditions from

this preliminary investigation are attached in Appendix A.

4,7  Groundwater

At the time of our investigation, groundwater was not encountered in any of the pits. The site investigation was
performed during a time of year that is typically associated with the seasonal groundwater high. Seepage may be

more widespread and shallow during wet years. Seasonal wet surface areas mapped by others are shown on Exhibit

1.

48  Farthquakes and Seismicity

A northwest .trending earthquake zone known as the Intermountain Seismic Belt (Smith and Arabasz, 1991) crosses
Western Montana. The seismic belt enters Montana in the south near the Yellowstone Park-Hebgen Lake area,
trends northward to the vicinity of Bozeman, and continues through Helena and Kalispell. Big Sky and the proposed
development are located in the center of the seismic zone; however, active faults have not been identified in the Big

Sky basin and historically no major earthquake epicenters have been located in the immediate area.

A recent national seismicity study by the U.S. Geological Survey (USGS, 2002) estimated peak horizontal

accelerations on bedrock of 0.21g and 0.40g for earthquake events predicted to have risks of occurrence of 10% and

2% respectively in 50 years.

Ground motion accelerations and a design response spectrum were derived for the project site in accordance with the
procedure defined in the 2006 International Building Code (IBC). The provisions of the 2006 IBC are intended to
provide uniform levels of performance for structures, depending on their occupancy and use and the risk inherent to
their failure. The approach adopted in the 2006 IBC is intended to provide a uniform margin of safety against collapse
at the design ground motion. The design earthquake ground motion is selected at a ground shaking level that is 2/3 of
the maximum considered earthquake (MCE) ground motion, which has a likelihood of exceedance of 2 percent in 50
years (a return period of about 2,500 years). The Site Ground Motion and Design Response Spectra differ depending

on the carth material being considered as a function of varying shear wave velocities. The site is classified based on the
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upper 100 feet of the soil and bedrock column. Based our investigations and published geology of the area (Bolm,
1969), we assign Areas 111, IV, and V to a Very Dense Soil and Soft Rock Profile (Site Class C). Design Response

Spectra are presented in Figure 1.

Earthquake Loads — Site Ground Motion and Design Response Spectrum 2006 International Building Code @

Cowboy Heaven Phase 3: Areas IIL IV, and V.
Approximate Site Location: Latitude = N 45.297°, Longitude = W 111.419°

Mapped Maximum Considered Earthquake (MCE) Spectral Response Acceleration Parameters (USGS 2002):
Short Period (S,) = 0.97
1-Sec Period (8)) = 0319

Site Class Definition: C — Very Dense Soil and Soft Rock Profile

Site Coefficients and Adjusted MCE Spectral Response Acceleration Parameters:
Sys = 0.98 F, = 1.01 *interpolated from table
Sy = 0.46 Fy =1.49 *interpolated from table

Design Spectral Response Acceleration Parameters
SDS =0.65
SD] =0.31

) probabilistic ground motion values (2% PE in 50 years) were obtained from the U.S.G.S web site; 2002

acceleration data.
@2006 International Building Code, Chapter 16, Section 1615 - Earthquake Loads - Site Ground Motion.
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50 ENGINEERING ANALYSIS

The engineering analyses are based on a limited number of sparsely distributed data points and ate suitable for

preliminary design only.
5.1  Consolidation/Swell Potential

No consolidation and swell testing was performed for this study. Laboratory test results from previous investigations
indicate that the plastic clay samples observed in some of the test pits are expansive, but the high antecedent
moisture content (25% or greater) may limit the swell potential. However, if significant drying of the seils occurs
during construction, a high swell potential may result. Moderate consolidation may also be expected if footings are
placed on soft plastic soil horizons. As shown on Exhibit 1 and test pit logs in Appendix A, a bentonitic clay bed
was observed only in test pit TP05-2 in the northern portion of Area III, but may occur elsewhere. These materials

are highly expansive and become very weak when wet.
52  Bearing Capacity

Bearing capacity of soil refers to its ability to resist shear failure under load. Preliminary bearing capacities for the
site may be on the order of 3,000 psf for shallow foundation elements placed on the variable soil deposits and 3,000
psf if footings are placed on intact bedrock. Because the conditions are locally variable, we recommend evaluation
of each building site for specific site conditions to support final design. Depending on the specific conditions at any
given site, a variety of foundation designs may be appropriate. If weak or expansive materials are encountered at
footing level, a replacement fill may be appropriate to key the foundations into the bedrock. Minimum footing
depths should be designed to satisfy local codes and building requirements for prevention of frost heave. In some

cases a deep foundation system mély be preferable.
53  Lateral Pressures

Lateral pressures were calculated using methods suggested by Bowles (1996). Equivalent fluid pressures (yK) will
vary depending on the soil types and the slope of the ground surface adjacent to foundation or retaining walls.
Lateral pressure increases when the ground surface slopes toward the wall and vice versa. Lateral pressures were
calculated for at test, active, and passive conditions for level ground and sloping ground, assuming a surface slope
adjacent to the foundation walls of about 11° (20%). Actual pressures will'depend on the building location and final
grading plans. Lateral pressures on retaining walls from earthquakes were -estimated using the Mononobe-Okabe
equations (Bowles, 1996; Duncan et al, 1990). Because thé maximum acceleration occurs only briefly during an
earthquake, it is common practice when designing dams and other earth structures to reduée the design acceleration
10 % of the maximum design acceleration (Hynes and Franklin, 1984). We have calculated equivalent fluid pressures

using a horizontal acceleration ky, of 0.10g (1/2 of ky max).
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Lateral pressure design parameters for variable conditions of slope, soil type, seismic conditions, and wall
configurations are summarized in Table 5-1. If necessary, lateral pressures may be reduced by using imported
granular material to backfill behind basement and retaining walls. The values in Table 5-1 have been calculated for

the clay, sand, and gravel colluvial and residual claystone material that mantles much of Areas III, IV, and V.

For basement walls or other walls not allowed to deflect, lateral pressure design should utilize at-rest pressures
(YKo} or active seismic pressures (vK,.), whichever is greater. For retaining walls or other walls allowed to deflect

and develop a full active soil wedge, use active seismic pressures (YK..).

TABLE 5-1: Lateral Pressure Parameters

Condition Coefficient of Earth Pressure® vK (equivalent fluid pressure)’

Static Conditions

Level Backfill K,=0.53 61 pef
K,=036 42 pef
K, =2.77 319 pef
Slope above (11%) K,=0.66 75 pef
K, =0.41 47 pef
Slope below (-11%) Ky;=1.99 229 pef

Earthquake Conditions

Level Backfill Ko =043 49 pef
Slope above (11%) K. =0.51 58 pef
Level Backfill K, = 2.60 299 pcf
Slope below (-11%) K. = 1.80 207 pef

* p equal to 28°
"y equal to 115 pef

Should the site conditions for a specific site exceed the slope gradients used in the table, this office should be

contacted and appropriate vatlues should be calculated.
5.3.1 Active Pressures

For lateral pressure design of retaining walls, which are allowed to deflect and develop an active soil wedge, the

calculated equivatent fluid pressure (vK,) is about 42 pef (pounds per cubic foot), assuming a horizontal ground surface
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behind the retaining wall, or about 47 pef for an 11-degree slope above the wall. This pressure distribution would be
equivalent to a force of approximately 21H? pounds per horizontal foot of wall acting at one-third the wall height (F)

above the base, or 23.5H” for sloping ground above the wall.

Research has indicated that lateral pressures due to earthquakes are non-hydrostatic in distribution, and the resultant
acts above the lower third-point of the wall (Bakeer, et al, 1990). Accordingly, active soil pressures have been divided
into two components that act at different wall heights. The static force acts at the lower third-point, as discussed above.
The Mononobe-Okabe equations are often used to estimate dynamic forces against retaining walls. Although there is
considerable debate about the theoretical applicability of these equations to rigid walls, they have been used for many
years for seismic design and the performance record of underground walls during earthquakes has generally been good.
The dynamic component of force is estimated as % the difference of yK,, - yK,. This force would be in addition to
static active carth pressure, and is equivalent to 3.5H? and 5.51° pbunds (for both flat and 11-degree slopes,

respectively) per horizontal foot of wall applied at 50% of the wall height above the base.

5.3.2 Passive Pressures

For passive pressure design, the earth pressure coefficient (yK;) varies from about 319 pcf, assuming a horizontal
ground surface adjacent to the wall, down to 207 pef for a negative 11-degree slope below the wall and seismic

coefficient of 0.10g.

5.3.3 Ai-Rest Pressures

For lateral pressure design of basement walls, which are restrained and not allowed to deflect, the calculated at rest
earth pressure (yK,) is about 61 pcf,'assuming a horizontal ground surface behind the basement wall, or 75 pcf for an

11-degree siope toward the wall.

5.5 Soil Frietion
Terzaghi, et al (1996) suggests use of 30 degrees for the maximum friction angle along a concrete base in granular

soils. Accordingly, a friction value of 0.58, which is the tangent of 30 degrees, is suggested. The friction value may be

combined with the passive pressure to resist horizontal loads.

WServerdataiClients\BigSky\Moonlight2007\MBR CowboyPhase3- Areas 3,4,6.doc




Womack & Associates, Inc. -13-

6.0 RECOMMENDATIONS

Given that most of the investigation encountered flat-lying undisturbed bedrock, we believe that the majority of the
site is stable in its current state and suitable for the proposed construction, although there is some risk that future
conditions, such as a large earthquake, unusual precipitation, or manmade modifications, could initiate instability and
new slope movement. The northern portion of Area III, where sheared bentonite was encountered, may require
special construction techniques to key construction into coherent bedrock. It should also be noted that unfavorable
foundation conditions may exist locally across Areas 111, [V, and V (such as additional plastic clay or bentonite
layers below the depth of the test pits) that have not been addressed in this report. Site specific geotechnical
investigations should be performed to verify soil and groundwater conditions at individual building sites prior to

foundation design and construction.

6.1 General Siting Recomnmendations

The following recommendations are provided to reduce risk of damage resulting from conditions discovered during the

site investigation. The main potential problem is slope instability.

1. Where possible, new construction should avoid slopes steeper than 25°.

2.New construction should avoid mapped landslide deposits. No landslide deposits were encountered in Areas IIL,

IV,and V.

3. Where possible in areas with shallow bedrock with bentonite beds and on thin landslide deposits, the foundation

should be keyed into coherent bedrock (A structural replacement fill may be required).

6.2  Foundations

In most of the Phase 3-C Areas III, IV, and V of Cowboy Heaven, conventional shallow foundations appear to be
acceptable. However, the buildings should be founded on bedrock in order to decrease the risk of slope instability.
Replacement structural fills may be used in thin surface colluvial deposits and areas of shatlow bedrock with

bentonite beds to key foundations into bedrock. Otherwise, drilled piers or similar systems are recommended.

63  Site Grading and Preparation

Properly compacted backfill and good site drainage are extremely important. Structural fill should consist of
imported granular fill placed in lifts no greater than 8 inches loose thickness and compacted. Compaction
specifications for structural fill, exterior backfill, and utility trench backfill are presented in the following table.

Existing site material may be used for exterior and utility trench backfill:
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Table 6-1: Compaction Parameters

Material Type Minimuin Compaction Moisture Content
()" (%)’
Structural Fifl 95 =3
Exterior Backfill 50 -1to+3
Utility Trench Backfill 90 -1to +3
' Compaction specification based on percent of maximum dry density according to ASTM D-698
(standard proctor test). :
* Moisture content specification based on percent moisture variation from the optimum moisture content
(OMC) determined according to ASTM D-698.

Structural fill should be used beneath exterior slabs-on-grade or to key foundation elements into bedrock. Do not
overcompact exterior backfills against “green” foundation walls. Cohesive site materials should be used in the upper

2 feet of the exterior backfill to provide a lower permeability cap.

Prior to placement of structural fill for exterior slabs-on-grade, the site should be cleared and grubbed. No brush,

roots, sod, frozen material, or other deleterious or unsuitable materials shall be incorporated in the foundation subgrade

or structural fifl.

Final grading should provide positive drainage of at Jeast I foot in the first 12 feet away from the structure.
Adequate gutters are strongly recommended. Roof runoff should be discharged at least 3 feet away from the

building or exterior slabs. Swales or other moisture collection points should be avoided within 20 feet of the

footings.

OSHA regulations (29CFR1926) appear to classify the soil at the site as Type C based on the existence of layers that
dip into potential excavations at slopes steeper than 4H:1V. Therefore, temporary cut slopes should be no steeper
than 1.5H:1V for excavations less than 20 feet in height. A trench box may be used if necessary to reduce trench

excavation during uti.lity installation. The contractor shall be responsible for adherence to OSHA and other safety

regulations.
6.4  Foundation Drainage

The bentonite and weathered claystone materials commonly develop perched water layers that could cause seepage

into basements. For this reason, footing drains are strong]y recommended. Two potential drainage alternatives are

suggested, as illustrated on Figure 2.

The least expensive technique would probably be a prefabricated composite drain. The composite drain consists of
an open wick layer laminated to filter fabric to reduce infiltration of soil. The exterior of the wall is waterproofed,
and the drain is laid against the waterproofing layer. The excavation is backfilled with compacted site material, as

discussed in section 6.2, and the drain is covered by at least 2 feet of compacted site soil, sloped to drain (minimum
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8%). The composite drain is wrapped around a perforated drainpipe at footing level, at least one foot below
basement floor level. Prefabricated “socks” are available to facilitate the connection. The drainpipe may slope at a
minimum 0.5%, and drain to daylight or a sump. If daylighted, the pipe should be protected with a flap gate to keep

out rodents. Do not place a wire screen over the end of the pipe.

An alternative technique would involve placement of clean granular drain gravel between the foundation wall and the
edge of the excavation, or between the excavation bracing and the wall. The gravel backfill is wrapped in filter fabric
and a drain pipe is placed at the bottom of the trench. At least 2 feet of compacted clay backfill (sloped to drain) is
placed above the gravel envelope. The gravel backfill can usually be placed without compaction, reducing backfill

cost and difficulty. Also, gravel backfill may reduce the lateral stresses against the walls.

Site drainage is very important during foundation construction. Wetting of foundation soils can result in soil swell or
consolidation/settlement, as well as reduction of shear strength and bearing capacity. Temporary drainage elements
such as berms may be required during construction, depending on site conditions. If seepage is encountered, this

office may be contacted to recommend appropriate action.

6.5 Interior Slabs-on-Grade

Interior slabs should be at least 4 inches thick, and any slabs bearing vehicles should be at least 6 inches thick. Minor
floor cracking of slab-on-grade construction is difficult if not impossible to prevent. Such cracking is normal and
should be expected to occur with time. Buildings are almost never free of cracks, and many factors other than soil

movement, such as concrete shrinkage and daily and seasonal variability in temperature and humidity cause cracking.

An impermeable layer (usually plastic) is suggested beneath the slab, underlain by 4 inches of clean drain gravel

which will act as a capillary break to reduce dampness (Figure 3). Two options are available to reduce the tendency
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for the concrete to crack as it dries. Three articles from the American Concrete Institute (ACI) that discuss these

options are appended.

A blotter layer may be placed under the slab. In the past, loose sand has been used for this purpose, but is no
longer recommended. A cover of 4 inches of trimmable, compactible, granular material may be placed over the
sheeting to receive the concrete slab. This material usually consists of “crusher run material”, which varies in size

from about 1.5-inch down to rock dust. Alternatively, 3 inches of fine graded material such as crusher fines or

manufactured sand may be used.

The blotter layer may be eliminated if the concrete is reinforced properly. The attached article entitled
“Controlling Curling and Cracking in Floors to Receive Coverings” provides a discussion of proper floor slab

reinforcement. If the contractor needs additional guidance on reinforcement, a structural engineer should provide it.

6.6  Exterior Slabs-on-Grade

Exterior slabs (sidewalks, driveways, etc.) have typically sustained the greatest damage in areas such as Big Sky that
are subject to frost heave and high seasonal temperature and moisture variability. As is the case with interior slabs,
cracking of exterior slabs is almost impossible to avoid. The following suggestions may reduce differential
movement of exterior slabs or pavement. The owners and developers should be aware that prevention of frost heave
involving exterior slabs or roadways may require treatment of frost-susceptible soils to the full depth of frost
penetration. Local codes typically stipulate a frost depth of 42 inches. However, experience has shown that frost

penetration under roadways and slabs that have no snow cover may be much greater, on the order of 60 inches or

more.

Exterior slabs should be at least 4 inches thick, 6 inches if supporting vehicles. Exterior slabs should not be tied to
foundation walls. Any movement of exterior slabs may be transmitted to the foundation walls, resulting in damage.
Posts for patios or other exterior columns should not bear on exterior slabs. If the slabs move, the movement is

transmitted to the post, resulting in damage to the structure.

Exterior slabs may be underlain by at least 6 inches, preferably 12 inches, of gravel, sloped to drain to the outside, as
illustrated on Figure 4. The gravel drain layer should extend at least 2 feet outside the edge of the slab, and be
covered with cohesive site material. Perforated flexible CPE drainpipe may be placed along one or more edges,
depending upon final grading. The pipe may be daylighted downslope, if possible. Expansion joints are

recommended in all concrete flatwork.
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6.7 Ventilation and Radon

Many building codes require that slabs below living spaces be ventilated to reduce the risk of radon infiltration.
Ventilation should also be provided for areas under crawl spaces. Examination of the site for potential radon levels

was beyond the scope of this report. If the owner wishes to pursue this matter, we can recommend appropriate

contractors.
6.8  Reinforcing, Utilities Testing, and Concrete Considerations

Footings, slabs, and foundation walls should be reinforced to resist differential movement. Consultation with a
structural engineer to specify adequate reinforcement is suggested. We recommend pressure testing of water and

sewer lines before backfilling. Exterior concrete should contain 5% to 7% entrained air. We strongly recommend

use of sulfate-resistant concrete.

6.9  Observation during Construction

A representative of this office should observe construction of any foundation or drainage elements recommended in
this report. This recommendation is extremely critical for excavation of bentonite layers and evaluation of suitable
foundation conditions. Structural fill, site grading, Ieak-proof testing, and soil compaction should be observed by a
representative of this office. If any suspicious soils or conditions are revealed during construction, this office should

be notified immediately to survey the conditions and make necessary modifications,

70 LIMITATIONS

This report has been prepared based on a limited amount of data and is intended for single use. Data points are
scattered and additional exploration is required for final design of structures. The report and accompanying figures
are not to be presented separately. Actual site conditions may vary. These services have been performed in a
manner consistent with the level of care and skill ordinarily exercised by members of the profession currently

practicing in this area under similar conditions. No other warranty is made or implied.
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APPENDIX A

TEST PIT LOGS




PROJECT: 3C Area I, Cowboy Heaven, Moonlight Basin Ranch, Big Sky, MT TEST PIT: TP- 05-1
PIT LOCATION: 75 to edge of road
Approximate .
Pit Dimensions (feef):  Length: 15 _ Width: 15 Depth: 12 Date: 6-23-05 Logged By: dpc
Approximate Surface Elevation: ' : Log View Direction: east WOMACK AND ASSOCIATES, ING.
= Geotechnical Engineering * Geelogy
Excavation Contractor; Moonlight Basin Ranch " Equipment: Hitachi UHO7 B o o e
MATERIAL DESCRIPTIONS : ORIENTATIONS SAMPLES
Note: Soil Classifications (USCS) based on field descriptions
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PROJECT: 3C Area lll, Cowboy Heaven, Moonlight Basin Ranch, Big Sky, MT

PIT LCCATION: See site map

TEST PIT: TP- 05-2

Approximate

Date; 68-23-05 Logged By: dpc

Pit Dimensions (feet):  Length: 20 Width: 15 Depth; 10
Approximate Surface Elevation: I cg View Direction: Toward Lone Peak . WOMACK AND ASSOCH ATES. INC.
. . » Geotechnical Engineering » Geology
Excavation Cordractor; Moonlight Basin Ranch Equipment: Hitachi UHO7 i b ol
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
0-0.5 TOPSOIL: Molst, black, soft, slightly plastic, with shale sand and gravel;
@ SHALE BEDROCK: Slightly meist, weak, weatherad, highly fractured,
0.5 - 3" spacing
@ BENTONITE: Slightly moist, light brown, weathered CLAYSTONE, highly
plastic, with very weak weathered claystone, highly fractured, appears
to be sheared from foiding
Note: Soil Classifications (USCS) based on _ﬂe!d descriptions
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PROJECT: 3C Area VI, Cowboy Heaven, Moonlight Basin Ranch, Big Sky, MT

PIT LOCATION: See site map

TEST PIT: TP- 05-3

Approximate

Pit Dimensions (feef): Length: 20 Width: 15 Depth: 8 Date: 6-23-05 Logged By: dpc

Approximate Surface Elevalion: Log View Direction: South WOMACK AND ASSOCIATES. INC.
i » Geotechnival Enginesing + Geology

Excavation Contractor: Moonlight Basin Ranch Equipment: Hitachi UHO7 i S L

MATERIAL DESCRIPTIONS

0-C.5 TOPSOIL: Moist, black, soft, slightly plastic, with shale sand and gravel;

@ 0.5-2.5 COLLUVIUM: Maist, brown, soft, plastic CLAY, with
sand and grave!

@ 2.5-5.0 CLAYSTONE: Moist, light brown, weathered claysione, some sandstene
layers, with clayay soft matrix

. @ 5080 SANDSTONE: Black, tan

Note: Soil Classifications (USCS) based on field descriptions
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F’ROJECT: 3C Area VI, Cowboy Heaven, Moonlight Basih Ranch, Big Sky, MT

PIT LOCATION: See site map

TEST PIT: TP-05-4

Approximate -
Pit Dimensions (feefy; Length: 20 Width: 15 Depth: 8 - Date: 6-23-05 Logged By: dpe
Appro_xi_mate Surface _Elevation: Log View Direction: South 2. WOMAGK AND ASSOCIATES, ING.
» Geotechnical Engineering » Geology
Excavation Contractor: Moonlight Basin Ranch Equipment: Hitachi UHO7 fatiand hi b A
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
0-0.5 TOPSOIL: Moist, black, soft, plastic, with sand and gravel;
@ 0.5-3.0 WEATHERED CILAYSTONE: Moist, orange/brown, soft, plasiic
~ CLAY, with some sand and gravel to 3" diameter
@ 3.0-8.0 SANDSTONE BEDRCCK: Moist, medium brown, anguiar, strong,
jointed, 10" maximum, with sandy clay matrix, nearly herizontally bedded
Note: Soil Classifications (USCS) based on field descriptions
| ]
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PROJECT: 3C Area V|, Cowboy Heaven, Mgconlight Basin Ranch, Big Sky, MT

PIT LOCATION: See site map

TEST PIT: TP- 05-5

Approximate

Pit Dimensions (feet):  Length: 20 Width: 15 Depth: 8 Date: 8-23-05 Logged By: dpe
Approximate Surface Elevation: Log View Direction: South b WOMAGK AND ASSOCIATES. ING.
R » Geotzchnice! Enginesing = Gaolegy
Excavation Centracior: Moonlight Basin Ranch Equipment: Hitachi UHO7 Ty T T A o s oo
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
0-1.0 TOPSOIL: Moist, black, sof, SILT, organics, roots
@ 1.0-4.8 RESIDUAL CLAYSTONE: Light tan, weathered, soft o firm, CLAY 2-25TSF
@ 4.8-5.4 SANDSTONE BEDROCK: Red brown, very strong, 2-6" joints, layered 1-2"
@ 5.4-7.9 SANDSTONE BEDROCK: Medium brown, weak, 2-4" bedding, 6-8" joints
Note: Seil Classifications (USCS) based on field descriptions
hid
Sealed 1 Gm=l 15 ft
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APPENDIX B

BOREHOLE AND TEST PIT LOGS
FROM PREVIOUS INVESTIGATIONS




TEST HOLE LOG

5825 Lazy Lane

Billings, MT 59106

Telephone: (406) 656-5398

Gaotechnical Enginesring Fax: (406) 656-8912 PAGE 1 OF 1

Gaology

WOMACK & ASSOCIATES, INC.

PROJECT: Moonlight Basin Ranch ‘ HOLE NO.TP-498 - | ! DATE: 10-18-98

TEST HOLE LOCATION: West portion of Area 2, along main road
GROUNDWATER LEVEL: NA ‘MEASUHED FROM:

ELEVATION G.5.: TOTAL DEPTH: 10.5
DRILL TYPE: Case extendahoe (DR!LLER: Clayten ,LOGGED BY: GSV
: < 55
> & ag| E 3B z
1z ¢ = 122 8 ul) &z 9
T =L & 5 8 DESCRIPTION ckl I 25§ E
~ | = w iz W @ == R ARGNA w
T || 2 (=2 > 1Z= 5 el 1T B el P < -
Elz 3173 8188 ¢ z 2%|.2 5|l 45
oz a9 0 ZE S : OQlzw|C= f:g o)
0|0 w|lwa © Dwn] O =0|ca|lITlnZ| 20
Ry 0.0-0.5" Sandy SILT: Dark prown, dry to moist, lcose, roots
e .[Topsaif]
—E 0.5-1.5" Sandy SILT with gravel: Dark to medium brown, dry
1= 51 to slightly meist, loose, structureiess, about 30% angular
—1 1] platy shale gravel 1/2" to 3", and cobbies to 5" {Calluvium]
- 1.5-2.7" CLAY: Brown to tan, slightly moist to moist, stiff,
2 —f Uf 1.0- highly pfastic, massive [Bentonite/Residual Bedrock]

2.7-4.0° SHALE: Dark brown, dry, very thinly bedded to
laminated, deeply weathered, hard, fraible, orientation

1 1.25
30°%10° west
4 B ' 4.0-5.3' BENTONITE: Light olive yellow, slightly moist, stiff,
o (B 1.5+ highly plastic, massive ]
— Z : 1.78
5 1 .
-— 5.3-6.5" SHALE: Dark brown to biack, dry, very thinly to
6 thinly bedded, deeply weathered, hard, friable [Thermopelis
] Fmj
3 6.5-6.7' BENTONITIC SHALE: Light yellowigh brown, dry,
7 — \very thinly bedded, weak, very low hardness _ /_
8.7-10.5' SHALE: Dark brown to black, dry, very thiniy o
thinly bedded, deeply weathered, hard, friable [Thermopolis
] Fm]
8 : Thin bentonitic shale layers 0.2 thick at about 8' and 9.5'
9
10
o=
12~
13—
14—

-"'.I'E'S'T_:HOLELLOG MLBR.GPJ WOMACK.GDT 12/15/08




WOMACK & ASSQCIATES, INC.

Gaatachnicai Enginsering
Geaology

TEST HOLE LOG

5825 Lazy Lane

Billings, MT 59106
Telephone: {406} 656-5398
Fax: (406) 656-8912

PAGE 1 OF 1

TES‘T_.H.'OLEHLOG MLBR.GP.} WOMACK.GOT 12/15/98

PROJECT: Moonlight Basin Ranch ‘ HOLE NO.:TP._‘ig_Z- DATE: 10-16-98
TEST HOLE LOCATION: South central portien of Area 2, ~50° north of road, ~225' west of powerline
ELEVATION G.3.: TOTAL DEPTH: 13 GROUNDWATER LEVEL: NA | MEASURED FROM:
DRILL TYPE: Case extendahce ' DRILLER: Clayton LOGGED BY: GSV
O] Ll =
e 0| —
9 Elabl E oy z
- -l N L <7, 3:,- a e @]
=< =l r|Z2E O w T = E~ £
=8 S Lo & DESCRIPTION bl I SER
~ = w (== w oW 3 =z AR LLt
T | 0 |%8 = (22| 5 Fdl ElasiEl] L7
El%| % =3 3 88 @ | 05 25Elow S5
wic| Z |9 oz 3 ' OQ|cw/C= fj% wo
Q|0 w |sofc |Dn| O ‘ =000, a3jas 20
T 6.0-1.0" Silty CLAY: Very dark brown to black, moist, soft,
e roots, organics [Topsoil] .
77777 T.0-5.7 Silty CLAV: Dark brown fo dark graylsh brown
. 2 {mottled), maist, medium stiff to stiff, massive 1o some
5] stratification of 2" to 3" shale gravel layers [Cofluvium}
250y .
— //? ut 1.0
3_
i
e U2 2.0
_/
4—.
— %
5: (1
e R gl !
8 5.7-8.2" SHALE: Dark gray, slightly moist to wet at contact
with colluvium, very thinly bedded to laminated, deeply .
weathered, fraible, low hardness, bedding appears to be 20"
. /10" west [Thermepolis Fm]
. Note: Bedding at shale/sandstone contact appears to be
oriented more sast-west with shailow dip to N (~5
8
9
— i 9.2-13.0" Clayey io sifty SANDSTONE: Light yellowish
o LR brown, slightly moist 1o moist; thinly bedded, moderately to
10— desply weathered, very low hardness, friable [Thermopolis
R Fm]
e EE (I
12—
13 : .....
14—




WOMACK & ASSOCIATES, INC.

TEST HOLE LOG

5825 Lazy Lane
Billings, MT 59106
Telephone: (406) 656-5398

Geatachical Eagineering Fax: (4@6) 656-8912 DPAGE 1 OF 1

Geology

PROJECT: Moonlight Basin Ranch {HOLE NO.. T¢-98-3 ~DATE: 10-16-98

TEST HOLE LOCATION: Area 2, north central Section 24, ~80-100° north of road, 150' south of powerline

- TEST HOLE_|LOG MLBR.GPJ WOMACK.GDT 12/15/98

ELEVATION G.S.: TOTALDEPTH: 12.5 | GROUNDWATER LEVEL: NA l MEASURED FROM:
DRILL TYPE: Case extendahoe ’ DRILLER: Clayton LOGGED BY: GSV
g | 513
3 e Ink] £ 3 5 =
0 . L <€ <
o i - T g 8
Lo =l Tkl = DESCRIPTION i o ==
hd ur |2 = W (3! L == 2O w
T | I 0 (=8| = 2z 5 FE ElasEX]
21888 15E 2 Szlr2la528) 32
TR = - - v - ol Qolziig= 5% we
O|®| v |vo o [Dw} O S0lac|ddas 20
A 0.0-1.0' Clayey SILT: Very dark brown tc black, moist, soft,
:i{ﬁwfi roots, organic debiis [Topsoil}
—_ - . I
1= 1.0-4.5" Silty CLAY with some sand and gravei: Light brown,
. moist, medium stiff to stiff, curde stratification subparallel to
— slope, some roots and organic debris, about 70% piastic -
2— % fines, 30% fine to coarse grained sand and angular shale and
— sandstone gravel to 3", scattered cobbles to 8" [Colluvium]
TLAA
3—
A4
77
—i
— 4.5-12.5" SHALE: Very dark brownish gray, sfightly moist to
5 meist, very thinly bedded to laminated, deeply weathered, low
: hardness, friable, highly fractured, bedding 80%14° N and
60%11° N [Thermopolis Fm]
Ch Rock strength and hardness vary from friable low hardness to
moderately strong, moderately hard
7 —
8
9
10—
11—
12—
13—
14-—]




“TEST.HOLE_LOG MLBR.GPJ WOMAGK.GDT 12/15/98-

TEST HOLE LOG

5825 Lazy Lane
Billings, MT 59106
Telephone: (406) 656-5398

WOMACK & ASSOCIATES, INC.

Fax: (406) 656-8912 PAGE 1‘ OF 1-
PROJECT: Moonlight Basin Ranch JHOLE NQO.: -T’P,.qg -L.i ’DATE: 10-16-88

TEST HOLE LOCATION: Area 2 north central Section 24, ~450' west of TP-3, above obvicus landslide scarp

MEASURED FROM:

ELEVATION G.S.; TOTAL DEPTH: 13.5 | GROUNDWATER LEVEL: NA
DRILL TYPE: Case extendahoe ’ DRILLER: Clayton ’ LOGGED BYr GSV
g - 53
= Elag| E < z
- - . > L <1 E\; 8 >~ ®)
=< g (Z2E O T = e~ =
L1Q| uw (B olth © DESCRIPTION et I Sl5E &
o B e O el = -4 ‘ P ElgZiszl 4
Fira =2 00w & ' aE|, 2 5|0l 2%
a (<€, = |-0] C|Ox| « ! =ZZI>-zZl 2= =
W | L < &2 W |2 3 OQlzxw|CE 52| W
O 0| v juval c |Sw O _ =0 an|I3|dE| 20
—. 0.0-1.5" Sandy SiLT: Dark brown, moist, locse, roats
. [Topseil/Rewcrked Fill]
—t I
1 ] '
—h,. E 1,
:/ 7 1.5-8.5' Sandy CLAY with gravei and cobbles: Dark brawn,
2 siightly moist to moist, stiff to very stiff, massive, about 60%
77, plastic fines, about 20% fine to coarse grained sand, and
—/ 20% angular to subrounded gravel and cobbles consisting of
3 _:/ maostly sandstene, some andesite and few shale [Glacial Til
—/ or Colluvium]
4—:%
5{% 1
S—E////
i
e 6.5-13.5' Sandstone COBBLES with silty to clayey sand
77—l matrix: Clast supported, dark yellowish brown, moist, dense,
:.)o‘-Dﬁ : structureless, about 80% hard sandstong cobbles to 12
—9q 20% fine grained sand and fines.
e
8 ~)G>£'BB-- At 9.0" increase in moisture, pockats of water and increase in
ja@C clay content in matrix, some subrounded gravel-
YAt
9] y 60 At 11.0' very hard sandstone cobbles, difficult digging
e -0,
:OQC Uncertain of soil origin, predaminantly sandstone cobbles,
=l
10— °6 p clast supported, no visible bed forms or layering, probabiy
D! 4
e b landslide debris
1 a2 [Coiluvium or Landslide Debris)
'—.)o"-{'?).'
1242 (5%
e Db
—9¢
13—5’-‘6‘?"
oD
14—




* TEST_HOLE LOGE2 MBRCHS9.GPJ WOMACK.GDT %/%/99

5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106

Telephone: (408) 656-5398 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC, Fax: (405) 656-8912
Geatechnical Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 6/28/99

HOLE NO.: TP-89-1

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Montana

TEST HOLE LOCATION: See location map in report

ELEVATION G.8.: ~8295 TOTAL DEPTH: 127 GROUNDWATER LEVEL: NA MEASURED FROM:
DRILL FTYPE: Trackhoe HAMMER: - (DRILLCO: MBR DRILLER: Shad LOGGED BY: wrw
] T -
@ ) | O - o
] & |lok| E DESCRIPTION Y BT pd
-~ | - Ll < i o o O
o< Flie 28| © L = E~ £
L |3 —~L =k| = | COMMENTS: o b ~ =% -
— | = w 'Zs W Ll W 5 & > Lo s 1]
o (<| = |00 (Oxl « =Zi>Z 125 il g2
W | & | < |23 |W (25] J QO|lcwiC=5 wo
06| ¢ |l Dw| O Z0o|oa|dI|nZE| 20
—+ o002 soD__ __ _ _ T T _
i 0.2-0.8' Clayey SAND - moist, orange, medium dense,
R . scattered anguilar to subrounded gravels, roots [TOPSOIL] __. A
t—go 0.8-8.4' GRAVEL and COBBLES - angular to subrounded
—%4 9 andesite, up to 6-inch diameter, in a matrix of very moist,
1% 9 orange, lcose to medium dense, clayey sand [SCREE]
22— 00 I
i) =
P
] 00 fi
3joa =’0
~d4a A 1
o [
PR B
4t 00 [/
:00 QO
o 4 o
StcooDn
J%¢ 4
Q (= |
=
6: 4 o
e =9
—o A 1
7t°00a°
o a4
] 00 oo
8 — 00 [i
5, o5 | 8.4-10.3' GRAVEL - angufar to subrounded andesite, up to |
a—04 1 3-inch diametsr, in a matrix of wet, dark gray 1o greenish
=1, .9 brown, loose, with minor clayey sand infilfing, many voids
E Iy [SCREEJ
10—¢ < :
LA
mAREINEY M 10.3-10.7" Silty SAND - wst, grayish brown to pale gray, 211 NP | NP
— AN loose, intact, numerous gravels and roots, lenticular patches
" \of organics [PALEOSOL] - /
o b2 10.7-12.3' GRAVEL - angular to subrounded andesite, up to
T A 2-inch diameter, occasional cobbles, in a wet, loose, clayey
12 A sand, thin layer of stiff, orange, gravelly, plastic clay at the
ke top [TILL]
D3 GG | 123927 WEATHERED ANDESITE - moist, plastic, very 8.7 30 | 15
13— stiff, clayey GRAVEL with angular very weak, andesite
— cobbles - fractured, weathered rock with clay in the fractures
. BEDROCK]
14—




’ TE'ST_HOLEMLOG.? MBRCHS9.GPJ WOMACK.GDT 9/9/99

5825 Lazy Lane TEST HOLE LOG

Biilings, MT 59108
Telephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: {406} 656-8912

Gectechnicel Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 6/28/99

HOLE NO.: TP-89-2

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Montana

TEST HOLE LOCATION: See location map in report

ELEVATION G.8.: -8284 TOTAL DEPTH: 104 GROUNDWATER LEVEL: perched @ { MEASURED FROM: ground surface
45
DRILL TYPE: Trackhoe HAMMER: DRILL CO: MBR DRILLER: Shad LOGGED BY: wrw
g - 53
| & ar| £ DESCRIPTION = 5 z
—~ | 1 L w W <t ‘ S b O
S | E 1] € | comments: k| I SER E
—— - L = ~ J15] (G} i ) = L (O LEl
T I ORIz |22 &6 e TT Rl P e il o
AR Tk 2z|z2/35|28| 23
WL |30 (2 S O0irw!|C= ﬁ% wo
Q|0O| «lva € Dol O ) 20,0035 €| 20
— -.0.0-02"80D_ _ _ _ _  __ . 8
- 0.2-0.6' Clayey SAND - moist, orange, medium dense,
— " seattered, anqular to subrounded gravals, roots [TOPSOIL] _ 7~
1— 0.6-4.5' GRAVEL and COBBLES - angular to subrounded
—f andesite, in a matrix of moist, yellow brown, clayey,
I coarse-grained sand {80% Gravels) [LANDSLIDE BEBRIS]
2—
3]
= | f
— 0.6 } CH 4.5-4.6' CLAY - very molst, reddish brown, firm, plastic, 27.3 | 962 55 87
5 slickensided [SHEAR ZONE]
] {shear zone dip ~10 degrees, dip direction ~ N47E)
— Isclated seepage along top in gully
5 4.6-7.1" DISTURBED SHALE - dark gray to grayish brown,
very weak, highly fractured, distorted [LANDSLIDE DEERIS]
7 e . -
/7 7.1-7.4 CLAY - moist, pale gray to yellowish orange, stiff,
u3 18 | CH \pfastic, slickensided [SHEAR ZONE] 265|884 | 58 | 33
-5 u4 (shear zone dip ~12 degrees east, strike N25W)
— 7.4-10.4" SHALE - black, very weak, laminated, sheared with
] slickensides, bedding scmewhat distorted and irregular, but
— : apparently in place [BEDROCK]
9 ’ Perched water at ~8'
— Bedding orientation ~ due north; 30 degrees east
10
11—
12—
13—
14—




"TEST_HOLE_LOG2 MBRCHO9.GPJ WOMACK.GDT 9/8/99

5825 Lazy Lane TEST HOLE LOG

Billings, MT 59108
Telephone: (406) 656-5398 PAGE 1 OF 2

WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Geotechrical Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 6/28/99

HOLE NO.: TP-99-3

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Montana

TEST HOLE LOCATION: See location map in report

ELEVATION G.S.: ~8280 TOTAL DEPTH: 18.5 GROUNDWATER LEVEL: NA MEASURED FROM:
DRILL TYPE: Trackhoe HAMMER: DRILL CO: MBR DRILLER: Shad ‘ LOGGED BY:. wrw
o ol z | |
o ) wi O o
a ookl E DESCRIPTION IS pd
- e (Y < & a > Q
[ = FlEe (Z2&] O w = E~ =
L | O T b & | COMMENTS: i —~11= 58 =
>~ | 2| w|z5 /W |Lol L SZ2| 2| Fos uw
T I IZT | 2 ~0 > ZZ| 5 Ewl EladE —
2| |2|0 |CLl o wEi_isklnll 2%
o || Z2(,,0(0 |9 < =Z(>Z(25|<8 Jd=
WL < 22w 2| 3 Qolxw|g= 38| Yo
0|0 & |vmrc [Dw!l O =000|JT|E| 20
S | oo08 soD
FIE 0.2-1.3" Sandy CLAY - malst, yellowish brown, soft, intact,

numerous gravels and roots [TCPSOIL]

1.3-8.7' Clayey SAND - moist, yellowish brown, medium
dense, intact, coarse to fine-grained, with numerous rounded
to subrounded gravels, occasional andesite cobbles
[COLLUVIUM]

8—

9_— 8.7-18.5" GRAVEL and COBBLES - subangular to
] subrounded andesite, up to 6-inch diameter, in a matrix of
1 moist, yellowish brown, stiff, sandy Clay [TILL]

2
HERERN]




5825 Lazy Lane

Billings, MT 59106
Telephone: (408) 656-5308 -
WOMACK_& ASSOCIATES, iNC. Fax: (406} 656-8912

Geotechnical Engineering
Geology

TEST HOLE LOG

PAGE 2 OF 2

PROJECT NAME: Moonlight Basin Ranch

DATE: 6/28/99

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Montana

HOLE NO.: TP-99-3

'TEST_HOLE_LOGE MBRCHE9.GPJ WOMACK.GDT 9/9/90

s NE

| ikl E DESCRIPTION < z
~ | 1 B N 1T e 4 <R > O
< or Z2& O T F~ E
1N O —1L EI"“ = o N ~| =
— | = W |[Z= | W O] L =< i RO w
T I =0 > Z2| & -~ =IO Ex i
A EE AT 25|, 2\5El00) 45

X 3 S| <

WilC|< (&30 (2| 4 Colzwl|CE|52| Lo
O |0|vled| | |Dn| O =0|00J3|nE| 20
16—
19—}
20—
21—
22—
23—
24—
25—
26—
27—
28—
29—
30—
31—
32—}




5825 Lazy Lane TEST HOLE LOG

Billings, MT 59105

clephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (408) 656-8312

Geotechnical Engineering
Geology

FPROJECT NAME: Moonlight Basin Ranch DATE: 6/28/99

HOLE NO.: TP-99-4

PROJECT LOCATION: Cowboy Heaven Cabinsg, Big Sky, Montana

TEST HOLE LOCATION: See location map in report

ELEVATION G.S5.: ~8300 TOTAL DEPTH: 7 GROUNDWATER LEVEL: NA MEASURED FROM:
DRILL TYPE: Trackhoe HAMMER: DRILL CO: MBR DRILLER: Shad 1 LOGGED BY: wrw
) ) =
O ORI Ty
a £ ok| £ DESCRIPTION sl B z
L . < e
-2 g I2E| O L < Eo 2
w o =L =k = | COMMENTS: ckE ~ = =
— | 2w Z= W (Lo WL =Z e o 1|
T | T | A |F8 |2 |22 » Pl EloSExl &
A R 2el2l5elen| g2
bl | |e9 o |[2E S CoxrwiC= 5% Wwo
Q0| v |vd|x Dn| O =00a|I3le=| 20
B LA i 0008#s80OD
- 0.3-2.5' Sandy CLAY - moist to vary moist with depth,
N yellowish brown, sliff, intact, roots [TOPSOIL]
et 3.0
AN
Et »
E 2.5-4.2' RESIDUAL ANDESITE - moist, pale yeilowish gray,
33— 28 stitf, intact, plastic, slightly sandy CLAY, roots, possible
- shearing at base [BEDROCK]
47 A
— 4.2-7.0' ANDESITE - dark greenish gray, weak, highly
1 fractured, banding ~1-inch thickness to very thin bedded near
5—] 4.9-foot depth [BEDROCK]
T Banding thickness about 2 to 6-inches
65— Banding orientation {dip) - 8 degrees northeast
7
8—
g—]
10—]
11—
12—
13—
14—]

"TEST,_MOLE_LOG2 MBRCHS9.GPJ WOMACK.GDT 9/0/09




5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106
Telephone: {406) 656-5398 PAGE 1 OF 1

WOMACK & ASSDCIATES, INC. Fax: (406} 656-8912

Geotechnieal Engineering
Gealogy

PROJECT NAME: Moonfight Basin Ranch DATE: 6/28/99

HOLE NO.: TP-98-5

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Mcntana

TEST HOLE LOCATION: See location map in report

ELEVATION G.5.: ~8265 TOTAL DEPTH: 14 GROUNDWATER LEVEL: NA MEASURED FROM:
DRILL TYPE: Trackhoe HAMMER: DRILL CO: MBR DRILLER: Shad LOGGED BY: wrw
¢ | Z
S 2l 8 m
r & lae| E DESCRIPTION < 5 >
el N N i < & o b O
o< Flg [2&] © ‘ ] = C =
Lo S i | © | COMMENTS: rE ~=E
- | X w|Z5 (W ko W 52 > Lo L
- | T 3!%0 > (2= 5 pwl ElaqZ|E I
Flo| & (=20 |00 & nEl_BISklhl 2L
o |[L| S| -0|{0 10| < =Z2>Z 2=/ g2
w | < |0 |w (2| J OQ|xw|T= S22 Y0
0|0 | o |vo X [Dw| O =00n|lI33inZE; 20
0.0-4.2' Sandy CLAY - moist, pale yellowish brown, stiff,
intact, scattered gravels and cobbles, roots [TOPSOIL]
] 4.2-7.8" Deformed SHALE - black to ysllowish brown,
1 laminated, highly deformed, very weak, slid into place
5— [LANDSLIDE DEBRIS}
6 pa—
7
8— 7.8-9.5' CLAY - very moist to wet, yellowish brown, firm,
- microshattered, plastic, abundant shale and andesite
I D1 % 0.9 | CH | fragments [GOUGE -SHEAR ZONE] 23.3 59 | 38
9 Orientation of shear zone - 37 degrees downslope
. 9.5-14.0' ANDESITE - dark greenish brown, weak, randomly
10— and very highly fractured, with irregular rubblized zone at the
. top and some internal shearing down to about 12.5'
11— Bedding orientation {dip} - 8 degrees northeast
12—
13—
14—

: “TEST_HOLE_LOG2 MBRCH99,GPJ WOMACK.GDT 9/9/98




“TEST HOLE_LOG2 MBRCH93.GPJ WOMACK.GDT 9/9/99

5825 Lazy Lane ' TEST HOLE LOG

Billings, MT 59106
Telephone: (406) 656-5398 : PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Geatechrical Enginearing
Geology

PROJECT NAME: Mconlight Basin Ranch DATE: 6/28/99

HOLE NO.: TP-99-6

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Montana

TEST HOLE LOCATION: See location map in report

ELEVATION G.5.: ~8315 TOTAL DEPTH: 10.5 GROUNDWATER LEVEL: slow MEASURED FROM: ground surface
seepage @ 9'
DRILL TYPE: Trackhoe HAMMER: DRILL CO: MBR DRILLER: Shad LOGGED BY: wiw
8 SR
3 £ ok & DESCRIPTION S5 z
-~ 4 s | < L > O
o< Flg |2E O W= = Ea B
Lo =L == = | COMMENTS: i —~| =% k-
~ |2 | w |25 |W kg S22 ¢l _oRlos| W
T (I 20> 22 @ | el ElofEX |2
o << | 3|00 Qx| « AZixZ2iasl<gl =
TR S = e YT - e Colxw =58 WO
0|0 & | | |Sw| O =0|oo|33|ng| 20
0.0-0.5' SCD
| 0.5-3.0" Sandy CLAY - moist, pale yellowish brown, firm,
intact, occasional gravels, roots [TOPSOIL]
N 1.0
i
— B 3.0-3.8' Sandy CLAY - very maist, dark grayish brown, firm,
0 0.6 intact, roots and scattered gravels [LANDSLIDE DEBRIS)
48 |7 3.8-4.8° CLAY - moist, dark yellowish brown, stilf, with |
- numerous shale fragments [LANDSLIDE DEBRIS] -
] / y Below 4.3' clay is wet, black, very soft
5'1?/ \Shear zone at 4.6' /—
. 4.8-5.8' CLAY - very moisi, dark gray to yellowish brown,
— — stiff, microshattered, plastic, with shale fragments [GOUGE]_. -
6 5.8-8.4' CLAY and SHALE fragments - moist, yellowish
— brown, stiff, thinly laminated [GOUGE]
7] % 25
8—:/ .
- D1 [y CL 20.0 48 28
— 8.4-10.5' ANDESITE - greenish gray, very weak, thinly
9—] banded [BEDROCK]
- Banding orientation - north 10 degrees east, 24 degrees east
10—
11—
12—
13—
14—
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5825 Lazy Lana | TEST HOLE LOG

Billings, MT 58106
Telephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Geotechnical Enginesring
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 6/28/99

HOLE NO.: TP-99-7

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Montana

TEST HOLE LOCATION: See location map in report

ELEVATION G.S.: ~8285 TOTAL DEPTH: 7.6 GROUNDWATER LEVEL: 7.5 MEASURED FROM: ground surface
\
DRILL TYPE: Trackhoe HAMMER: DRILL CO: MBR DRILLER: Shad LOGGED BY: wrw
0] ] =2
e ) wl O o
— e okl E DESCRIPTION ® O =z
aE g [BE] 3 ue| & _JEql B
L 1o i | Tkl &= | COMMENTS: el T ks E
=l Ly |[E@ : 521 £l wos! uw
T | T h|€d > 122 5 FHl Ela%EX L F
El%|% 5|8 (8E 2 obl, 2/5E|0i| 45
i I - e v ZE| S OQixw|C= flg wo
0'!'0| v ido | Dw! O SO0|0nI3|aE| 2O
_:&& 0.0-0.4" 80D
I 0407 Clayey SAND - wel, pale-yeliowish brown, very
- toose, intact, scattered angular andesite gravels and [
1 boulders, roots [TOPSOIL]
— 0.7-4.6' CLAY - moist, pale yellowish brown, firm, plastic,
5] shear zone probably at base [GOUGE/ALANDSLIDE DEBRIS]
3]
4—] , | |
] O T0  CH 98 LK) 34
— 4.6-7.6' ANDESITE - dark gray, randomly and highly
5— fractured, with minor clay along fractures [BEDROCK]
6
7
8
9
10—
11—
12-—
13—
14—
_
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 52106
Telephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (4086) 656-8912

Geatechnical Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: &/28/99

HOLE NO.: TP-99-8

PROJECT LOCATION: Cowboy Heaven Cabins, Big Sky, Montana

TEST HOLE LOCATION: Ses location map in report

ELEVATION G.5.: ~8275 TOTAL DEPTH: 115 GROUNDWATER LEVEL: 11.3 MEASURED FROM: ground surface
DRILL TYPE: Trackhoe HAMMER: DRILL CO: MBR CRILLER: Shad LOGGED BY: wrw
8 > 58
ha & lakE| E DESCRIPTION <l z
ol . s i | < 2 & = O
- | < Flr |£ O w, : = =~ =
18 &) =1L = = | COMMENTS: [is —_| = e
— | =2 w |z (W |y L SZ| 2| Flos w
T | T al|=0|> (22 & o BEaZE -
El1% | 5|=3(8 /84 2 o, 2|SE (el 43
bie| 2 eSlDizEl 3 COolxiLiC= 5% wo
O|6 | o |om|c |Dw| O =0 00|I33|aZ| 20
—. 0.0-1.1" Sandy CLAY - moist, yellowish brown, firm, fissured,
—, scaitered gravels, roots [TOPSOIL]
1 —_
] 1.1-5.0' BOULDERS - composed of Siltstone, black shale
— debris near surface [RUBBLE/LANDSLIDE DEBRIS]
2
3
4__0
—
5T 5.0-6.8° CLAY - very moist, yellowish brown, firm, plastic
] L 1.3 | cH | [GOUGE] 273|955 | 68 | 46
— uz
6 Orientation (dip) of gouge - 31 degrees northeast
MW 6.6-7.0' SHALE fragmentis - very moist, yellow, stiff, in a
7 ™ matrix of plasticclay f[GOUGE]  ___ __ _ .
7.0-9.8" SHALE - yellowish brown, very weak, laminated
i LANDSLIDE DEBRIS]
8
Orientation - north 5 degrees east, 28 degrees east
9— ~9.6-9.8' CLAY - very molst, yellowish over maroon, firm,
] plastic [EEDROCK/SHEAR CONTACT]
1.0 '
10 9.8-11.5' ANDESITE - greenish gray, moderately strong,
- randomly and moderately fractured [BEDROCK]
11—
12—
13—
14—
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5825 Lazy Lane ‘ TEST HOLE LOG

Billings, MT 59106

Telephone: (406} 656-5398 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: (406) B56-8912
Geotechnical Enginesring
Geology
DATE: 7-9-01

PROJECT NAME: Moonlight Basin Ranch

HOLE NO.: TP-01-1

PRCJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: Upper access road, 150' northeast from junction

ELEVATION G.5. (Ft.): 8164 TOTAL DEPTH (Ft.): 17 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:

DRILL TYPE: Kokelco SK150LG HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
0] ol =2
o) T | .8 Q ’L:
| e |lag| 2 DESCRIPTION 3B =
—_ | B % T <L < (a1 > o
|3 = |EZ |EE] 8 | commenTs: Pl = S F
S8 w Z5|W Byl & ' Lz > wlod] w
T | T a =8> 221 5 puw|l ElpgZlE —
mla| o |20 |QM@ o )= Cﬁ"‘}——wﬁ—'n‘
o L | |0 |0 10O « —Z>-23—<D—'E
w o | < L5 W I Ze d QQlzw|C=535I WG
0|6 v |vd £ [Dwl O =000l3J3|aZ| 20
—p L 0.0-12.0' GRAVEL and COBBLES with a clayey sand matrix:
— q-[}‘f‘ Light reddish brown, moist, medium dense, massive, about
1 m:_}@' D 30-40% angular andesite cobbles to 8", 30-40% subangular
:¢~Q-C o angular gravel to 3", 20% fine fo coarse grained sand,
2:'0_.&0.' 10-15% plastic clay [GLACIAL DEPOSITS]
o
—o
St'q_&q'
. E)QOD
—pN(
:'Q.BCT.'
5100,
s SO
6o,
et
e
5 =
el
:'q.&c?.'
9—_?:D"-B:
=694
100
ey
=R :
12 — \< | 12.0-15.0' Sandy CLAY with gravel: Light reddish to
— P11 yeliowish browi, moist, stiff, plastic, Imassive, about 50-60%
13—:\ clay, 20-25% fine to coarse grained sand, 20-25% gravel to
— 1
14:§
15 :@"V' . 15.0-17.0' GRAVEL and COBBLES: As above, increase in
o~ )aﬁf large cobbles near base
16— B
:-Q:E
Tt
17—elie
18—
19—




PROJECT: Moonlight Basin Ranch Cowboy Heaven Phase 2, Big Sky, MT

PIT LOCATION: east side upper access road, ~300" NE of junction

TEST PIT: TP-01-2

Approximate

Pit Dimensions (feet): Length: 17 Width: 6

Depth: 13

Date: 7-8-01

Logged By: gsv

Approximate Surface Elevation: 8150'

Log View Direction: norih

Excavation Contractor: MBR

Equipment: Kobelco sk180ic

CGeatechnical Engineering
5825 Lazy Lane, Bilings, Moriana 5306

A WOMACK AND ASSOCIATES, INC.

Geology

Engineering Geophysics

760{ Shadhom Drive, Eozeman, Montana 53718

no indication of slope movement

Note: Soil Classifications (USCS) based on field descriptions

@ 3-8 BENTONITIC CLAY; light gray to white, slightly moist to moist, medium stiff to stiff,
massive to laminated [Albino, Muddy, and Thermopolis Fm. Undif.]

*appears to be in place bedrock, strata is dipping steeper than the surface slope,

165 deg/43 deg NE

{406) 558-5298 (fax) 656-£912 {406) 522-71131 (fax) 522-7056
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
() -3 (varies): Gravel and Cobbles with a sandy clay matrix; brown, very moist, loose,
massive [road fill and colluvium]
No Samples
(@) 3'-13 (varies): SHALE with siltstone interbeds; very dark grayish brown, moist, hard, Collected
blocky fracture [Albino, Muddy, and Thermopolis Fm. Undif.]
Siltstone

" Scaler 1 in=_5 ft.

itic Clay
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106
Telephone: (408) 856-5368 ' PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (408} 656-8912

Geotechnical Engineering
Geology

PROJECT NAME: Muoanlight Basin Ranch DATE: 7-9-01

PRCJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-01-3

TEST HOLE LOCATION: Phase 2 cabins, below existing cabin #16

ELEVATION G.S. (Ft.): 8180 TOTAL DEPTH {Ft.3: 13 GROUNDWATER LEVEL (Ft.}: NA MEASURED FROM:
DRILL TYPE: Kobelco SK150LG HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
0] L =
o ) w| O ™
— o okl = DESCRIPTION O prad
el - F oz 2T S w= & & Q
Lo W S| Lo L COMMENTS: %Z ~ \QOT?_Q, o
T | T Jd|=0 > Z2| 5 cu ElasiEl A
FioL | alm=2/0 [Quwl & wEl. 2SS nil 2%
o | <= -D0|0 Qx| « =ZI>Z 2=lah| g2
Wle| < (a3 |m iz 3 OOQ:LUQE_:Z”-'O
0O |0| o |wmn (e |Dw| O =0|o0|IJ3nE|l 20
:\‘_’f Y 0.0-0.5' Sandy SILT: Dark brown, dry to slightly meist,
I lcose, massive, erganic debris, scattered gravel [TOPSOIL]
1—1a 5@ 0.5-13.0' GRAVEL and COBBLES with clayey sand matrix:
:)9'.'_[3'-< Light reddish brown, slightly moist to moist, leose te medium
2:5.@.? dense, massive, about 50-60% subangular to angular gravel
:-aqu- and cobbles to 8", 30% fine to coarse grained sand, 10-20%
i ~ ’ plastic fines [GLACIAL DEPOSITS]
O Note: Pit wall collapsing in upper &'
p "—'BO.( .
AT
T
5-—o [y
=
6=
o fd°
e
QY
:'c_-B":
B0 "1
—e D
= S
o AL
10—k
:'Q.Bn
) ot
1—=2.0.
20
el
12—:__—)“90{3
=94
13-—f-e
14—]
15-—
16—
17—
18—
19—
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106

Telephene: {408) 656-53588 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: {406) B56-8912
Geotachnicgl Enginesring
Geology
DATE: 7-9-01

PROJECT NAME: Maoonlight Basin Ranch

PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-0t-4

TEST HOLE LOCATION: Phase 2 cabins, central poriion

ELEVATION G.S. (Ft.): 8180 TOTAL DEPTH (Ft.): 14 GROUNDWATER LEVEL (Fi.): NA MEASURED FROM:
DRILL TYPE: Kobelco SK150L¢ HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
O] L]
0 S| .® O Ty
= < o F DESCRIPTION ICYIS =
— = . - o} < 91\'« n o O
1S _E k|25 € | comens: Tt S el E
Q! gk ln Eg| : L=z >| Flo® w
| |2 |22 W | Elagfis -
s 1% 8558 18E| ¢ 2zl=235/94 3
w{e £ &3 |W (2] J 00 xwm|OE|SQ 2D
O|0| v |vmlc |Dw O =0|oa|I35nE| 20
—J 0.0-0.5" Sandy SILT: Dark brown, dry to stightly moist,
—B~T] loose, massive, organic debris, scattered gravel [TOPSOIL]
1—Jo [ 0.5-14.0' GRAVEL and COBBLES with clayey sand matrix:
:)o'er',i Light reddish brown, slightly maist to moist, loose to medium
2:6.10“@ dense, massive, about 50-60% subangular o angular gravel
;:‘aj@a' and cobbles to 8", 30% fine to coarse grained sand, 10-20%
= plastic fines [GLACIAL DEPOSITS] .
= SOl
—ely%
4;%1_3:
—p 0
=
el b,
6—p"4
:)‘*:B?‘_TP4-1<?}
—=QQ
e
8"5?%'._6:
]
9oy
o't
10—p(
o)
=]
ey
12;_‘9(3‘.3:
=
=
TIeh
14-—=00
15—
16—
17—
18]
19—
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59108

: Telephone: (406) 656-5398 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: (408) 856-80912 :
Geotechnicol Enginssring
Gaology
DATE: 7-8-01

PROJECT NAME: Moontight Basin Ranch

PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-G1-5

TEST HOLE LOCATION: Fhase 2 cabins, west portion, near road switchback

ELEVATICN G.S. (Ft.): 8220 TOTAL DEPTH (Ft.): 14 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:
DRILL TYPE: Kobelco SK156LC HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
g | 5 8
ot L loEl & DESCRIPTION < 5 =
— 4 . b w = < E 8 O
S E Iz 125 S | comvents: NG Fol F
Lo gk |uw Lo & : % Zz| > Tlo L
- |[T| 2|58 !> (22| & FHl EloSEX] &
ElL!la|== 0 |Qd o wEl. 2S+-®n =
o | < | S I-0|0 Qx| « =ZI>Z| =¥ 2=
W[ = (%23 |W (2| 3 OOo|lzw|C=|J2| WO
O |0| v vo|xc [Dn| O b-RaYTayalisor] = i1
iR 0.0-0.5' Sandy SILT with gravel: Dark brown, dry to slightly
— I moist, very loose, roots and erganic debris [TOPSOIL]
T—fo °-'< 0.5-14.0" GRAVEL and COBBLES with a silty sand matrix:
:.)@B Yellowish to reddish brown, moist, foose to medium dense,
2:60"@ crude stratification in 1' to 3' layers, 60-70% angular andesite
:‘O:E)Q' gravel and cobbles te 10", 20-30% fine to coarse grained
' B{ sand, 10-20% non plastic fines [GLACIAL/TALUS]
3_:0 Nt
—e> OC Note: Boulder layer at 10-12', andesite and purple
E=cay SANDSTONE boulders to 1.5'
A
::.Q.'E
PN
=
o b
6—p QT
— 0. .X2
SN
7_—_—,@' B
Q4
Do ":<
B"E?oo'.pj
e
9 a3
b
10—p G
=B
1—==.0
=0
="
122%1_):
BT
13 ;)"B%
e D
14— QY
15—
16—
17—
18—
19—
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106

: Telephone: (406) 656-5398 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912
Geptachnical Enginsering
Geclagy
PROJECT NAME: Mooenlight Basin Ranch DATE: 7-5-01
PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-01-6
TEST HOLE LOCATION: Phase 2 cabins, west end of upper switchback
ELEVATION G.S. (Ft.): 8196 TOTAL DEPTH (Ft.): 10 GROUNDWATER LEVEL (Fi.): NA MEASURED FROM:
DRILL TYPE: Kobelco SK150LC HAMMER: DRILL CO: MBR DRILLER: Ciayton LOGGED BY: gsv
g 2 1.5/ 8
o R ol & DESCRIPTION < z
— = s | T < e a > @]
£ 1S =X 125 2 | commenTs: i B Egl E
IOy ZE W Dyl & ' Szl >| F|oEl w
T | I 3|8 I> |22 B Ul ElosEX T
b l2| 5|58 |8 8k 2 0%, 2|5E|ed S
M| £ < (&2 |W |2 J OOEELUQEE%'-”O
0|6 | ¢ |wmicc [Dw| O SO0loal/II{0E 20
= 0.0-1.0' Sandy SILT: Light brown, slightly moist, loose
:_’_/Q [TOPSOIL]
1 :;?‘1"1*‘; 1.0-3.5' Clayey GRAVEL: Grayish to reddish brown, moist,
—aly% medium stiff, massive [COLLUVIUM]
2”:?@‘-5:
=90
3: q =1
o — 3.5-10.0" Interbedded fine sandstone, silistone and shale: 1"
4 to 1' layers, hard, medium strong to strong, block fracture
= with clay infillings, bedding orientation 150° /26" NE
5—¢ [ALBINO, MUDDY and THERMOPOLIS FORMATION
UNDIFFERENTIATED]
6-—
7
=
[t}
10—
11—
12—
13—
14—
15—
16—]
17—
18—
19-—
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5825 Lazy Lane. TEST HOLE LOG

Billings, MT 59108

), e | |
elephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (408) 656-8912

Geotechnical Engineering
Ceclogy

PROJECT NAME: Mooenlight Basin Ranch DATE: 7-9-01

PROJECT LOCATICON: Cowboy Heaven, Phase 2 HOLE NO.: TP-01-7

TEST HOLE LOCATIOM: Ridge ~250" west of upper switchback

ELEVATION G.S. (Ft.): 8218 TOTAL DEPTH (Ft.): 10 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:
DRILL TYPE: Kobelco SK150LG HAMMER: DRILL CO: MBR DRILLER: Ciayton LOGGED BY: gsv
) L 2
o} ) w O o
— s |loE| F DESCRIPTION Y =
()
£l S =~ | (ZE| 2 ! commenTs: k| T Es F
L0y |u || @ ' 52 o Tlos L
T | IT| A |0 | > 22z F W Elpf|E g 7
Fl1%2|5|=8 (3|34 2 wZ|s25E|2W) o=
W | < |3 | W (2] J OOmeEE%”—'O
0|6l o |vo @ Dw| O =00aldIaE| 20
i 0.0-0.5' Sandy to clayey SILT [TOPSOIL]
I 0.5-2.0° Bentonitic CLAY: (Depth varies from ' on east end,
11— 2.0 on west end), yellowish brown, slightly moist, stiff
24 2.0-10.0' SHALE: Grayish to dark brown, moist, waak to
— moderately strong, friable to blacky fracture, thinly bedded
3 .
Note: Appears to be inplace bedrock. Difficult to get bedding
4= orfentation because rock is highly fractured. Bedding
— arientation approximately 120-130° / 30° NE [ALBINO,
MUDDY and THERMOPOLIS FORMATION
5 UNDIFFERENTIATED]
6:
ITﬂ:
8
o
10—
=
12—
13-4
14—]
15—
16
17—
18—
19—
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5825 L.azy Lans TEST HOLE LOG

Billings, MT 59106
Telephons: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Gentechnical Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 7-9-01

HOLE NO.: TP-01-8

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: About 450" west of upper switchback

ELEVATION G.S. {FL.): TOTAL DEPTH {Ft.): 8 GROUNDWATER LEVEL (Ft.): NA I MEASURED FROM:
DRILL TYPE: Kobelco SK150LG HAMMER: DRILL CG: MBR ‘ DRILLER: Clayton LOGGED BY: gsv
g 5l 5
O ) o
o EloE] £ DESCRIPTION 3| 8 z
— = -l Ll T < L o e O
£ |8 ~k & IZE] 2 | comments: el = Bz F
T | T | 2 5% > |ZZ| & P i:gi’.,,:>< —
ElE 5 K3 |3 |88 2 o5, 2|55 0l 45
oo % |9 im 2El S OOu:mQEﬁ%”—'O
0|0l v |vo|c |1Sw] O S000|IJ3|8Z 20
— Al 0.0-0.5" Sandy SILT: [TOPSOIL]
) 0.5-2.5" Silty fine SAND: Light brown, slightly moist, loose,
1 massive, scattered platy sandstone gravel [CCOLLUVIUM]
2W
- 2.5-8.0' SANDSTONE: Very fine to fine grained, light
Ko SRS grayish brown, slightly moist, moderately strong, thinly
P bedded, closely fractured
4-—
. Note: Intact bedrock, bedding crientation 150° / 33° NE,
o 148°/ 25" NE [ALBINQ, MUDDY and THERMOPOLIS
5; FORMATION UNDIFFERENTIATED]
6—
7
8—
9—
10—
11—
12—
13—
14—
15—
16—
17—
18—
19—
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 53106

elephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, IN, Fax: (408) 656-8912

Geatechnical Ergineering
Gaclegy

PROJECT NAME: Moonlight Basin Ranch DATE: 7-9-01

PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-01-2

TEST HOLE LOCATION: MNorthwest of switchback, west of southwest corner of Lot #1

ELEVATION G.8. {Ft.): 8132 TOTAL DEPTH (Ft.): 17 GROUNDWATER LEVEL (Ft.): NA ' MEASURED FROM:
DRILL TYPE: Kobelco SK150LC HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
g | 58
3 e oEl E DESCRIPTION 3T 8 =
—_ = (H < =A > o
S =L | |2E] € | comments: e N Exl |
L1l wi v |4 lyl : Sz > =o¥] W
Tl o =8> 2 @ w| Eps|s -
T ] Z| o = =0 3 o
E o | o =0 [Ow -l owl= I
oL =2 I.-:C) O 10T 2 L. ZISE gm s
w L < |3 (2| oolxw|C= _|% wao
0|0 | o |vd | D] O =0/00|335aE| 20
o A 0.0-0.3' Sandy SILT: [TOPSOIL]
:?0 0.3-7.58' Broken SHALE and some sandstone with clayey
1-— sand matrix: Light brown and gray mixed, moist, very loose
—] (pit walls collapsing), randomly oriented rock fragments
2:% [LANDSLIDE DEBRIS]
3
4— %
S"E%
6] é
=7
=/ 7.5-8.5" Gravelly CLAY: Bentonitic, light gray fo yellowish
Bt& white, [possible upper shear zone 105%'/20% N]
= 8.5-10.5' SHALE: Very dark gray, very maist to wet along
9 fractures, weak, blocky fracture [LANDSLIDE DEBRIS]
10— Pﬁg
:9‘5 10.5-15.0° Clayey GRAVEL: Light brownish gray, moist to
11— very moist, very loose to loose, angular shale clasts
= [LANDSLIDE DEBRIS]
12 ) % :
18— 55&
14—
e
15 :y 15.0-17.0° BENTONITE: Light gray to white, moist, soft to
:/ stiff, (0.75-1.5 tsf) below 17', [possible lower shear zone]
16—
z% - Note: Excavator limit at 17, very dangerous pit did not enter
7 A o log
17—
18—
19—




PROJECT: Moonlight Basin Ranch Cowboy Heaven Phase 2, Big Sky, MT

PIT LOCATION: W. of switchback ~150', edge of tree line along ski trail

TEST PIT: TP- 01-10

Approximate .
Pit Dimensions {feet): Length: 20 Width: & Depth: 16.5

Date: 7-10-01 Logged By: gsv

A WOMACK AND ASSOCIATES, INC.

JAlbino, Muddy, and Thermopolis Fm. Undif.]

@ 1'- 7 (varies): SHALE; very dark brown, weak friable, very closely fractured
[Albino, Muddy, and Thermopalis Frin. Undif.]

@ 3 - 10 (varies). BENTONITIC SHALE: light gray brown, slightly moist, very stiff, plastic,
massive [Albino, Muddy, and Thermopolis Fm. Undif.]

) @ 5.5' - 16" (varies): SHALE; brown, dry to sfightly moist, moderaiely hard, moderately strong,
blocky, very close fractures [Albino, Muddy, and Thermopolis Fm. Undif ]

(® 13.5'-16.5 (varies): BENTONITE; light brownish yellow, slightly moist, stiff
[Albino, Muddy, and Thermopolis Fm. Undif.]

*bedding is continuous - appears to be in place bedrock, but dip slope conditions
{i.e., bedding inclined paralle! to slope}

Note: Soil Classifications (USCS) based on field descriptions

Approximate Surface Elevation: 8152' Log View Direclion: north
Geolechnical Engineering Geology Engineering Geophysics
Excavation Coniractor: MBR Equipment: CAT 318B Excavator 5"?:0;‘;“65;%5‘”“‘9(’;'&'{&53* g m”?gx;"g‘;;mﬂ
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
(I 0'-0.3" Sandy SILT [Topsoil]
@ 0.3'- 5' (varies): CLAYSTONE; gray, slightly moist, very weak, highly weatherad No Samples
Collected

100 deg/20 deg NE

' Scale 1 in=_5 f.

P

R e

o

; %CIays_tahe‘

- shae

® Bentonite -




5825 Lazy lane

Billings, MT 59106
Telephone: {406) 656-5398
WOMACK & ASSOCIATES, INC. Fax: (406)656-8912

Geotechnical Engineering
Geology

TEST HOLE LOG

PAGE 1 OF

1

PROJECT NMAME: Moonlight Basin Ranch

DATE: 7-10-01

PROJECT LOCATION: Cowboy Heaven, Phase 2

HOLE NO.: TP-0i-11

TEST HOLE LOCATION: ~300" west of Lot #1

ELEVATION G.S. (Ft): 8122 TOTAL DEPTH (Ft): 16

GROUNDWATER LEVEL (Ft.): NA

MEASURED FROM:

“"TEST_HOLE_LOGZ MLBRCHF2.GPJ WOMACK.GDT 8/9/01

DRILL TYPE: CAT 3188 HAMMER: DRILL CO: MBR DRIL.LER: Clayion LOGGED BY: gsv
Excavator
O T e
Q €y w| O o
o e ok = DESCRIPTION ) =
— - | o LH T < ez o b O
S | E |2E] € | comvenTs: el | <lEg E
L9 wiZt w|En| : E= >| 0¥ W
T |z 2= > (22| 6 mw BElanSiE = -
E o L |- = |0 |Qw| &b vk DS+ |oh o
o | < = 0|0 |O;]| « =Z|>Z S|l<g =
0| <« (231w |22 J oo|lzwiC=z 58| Y0
0|0l v |wolx (Dw| O SO0|0o|335|aE| 20
—JEhY 0.0-1.0' (Depth varies), sandy SILT with scattered gravel
=y [TOPSOIL}
1 : 1.0-8.0" Interbedded SHALE CLAYSTONE: Light to dark
= : brown, weak, friable, thinly bedded to laminated, highly
2 weathered [intact beds - possitly some disTORTION]
Orientation 122°14°NE [ALBINO, MUDDY and
37 THERMOPOLIS FORMATION UNDIFFERENTIATED]
4
.=
6—
7
8 :V 8.0-9.0' BENTONITE: Pale yellow to white, slightly moist,
=77 stiff (1.5 tsf), plastic, stratified [INGIPIENT SHEAR)
9 : Orientation at base of bentonite, top of shale 160%3° NE,
—=] shear 70°/55° §
10 9.0-18.0¢ SHALE: Very dark gray brown, dry 1o slightly
meist, moderately strong, thinly bedded, blocky fracture,
moderately weathered, oxidation a]ong fraciure planes,
11— prominent 1/4" thick fractures 70°/ 55° S
[ALBINO, MUDDY and THERMOPOLIS FORMATION
12 UNDIFFERENTIATED]
13—
14— —1
15—
16—
17—
18-
19—




PROJECT: Mocnlight Basin Ranch Cowboy Heaven Phase 2, Big Sky, MT

PIT LOCATION: ~550' W. of Lot #1, east edge of tree line

TEST PIT: TP-01-12

Approximate

Pit Dimensions (feet): Width: 8

Length: 20 Depth: 16.5

Date; 7-10-01 Logged By: gsv

Approximate Surface Elevation: 8120 Log View Direction: south

A WOMACK AND ASSOCIATES, INC.

3 0.3 -3 (varles): CLAYSTONE; bentonitic, ysllow-brown, slightly moist, stiff, highly
weathered [Albine, Muddy, and Thermopolis Fm. Undif.]

(@ 0.3 -6 (vares): SHALE; very dark brownish gray, dry to slightly moist, weak to moderately
strong, very closely fractured, friable zones in upper portion, becomes harder
near base of pit [Albino, Muddy, and Thermopolis Frm. Undif.]

@ 0.3' - 7 (varies); BENTONITE; pale yellow, slighily moist, stiff, highly plastic
possibly incipient SHEAR ZONE [Albino, Muddy, and Thermopolis Fm. Undif.]

*possibly some bedding parallel movement in layers above Unit&)
(dip slope conditions - bedding inclined parallei to slope angle)

Note: Scil Classifications (USCS) based on field descriptions

Gestechnical Engineesing Gaology Enginesring Geophysics
Excavation Contractor: MBR Equipment: CAT 318B Excavator R e aor i iy Rl o Sl
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
(D 0-0.3" Sandy SILT [Topsoil]
& 0.3 -2 (varies) SILTSTONE; gray (weathers brown), dry to slightly moist, moderately hard, No Samples
closely fractured, mod. o high weathering [Albino, Muddy, and Thermopolis Fm. Undif.j Callected

109 deg/17 deg NE

fS':ca!'e: 1

~ PitN70deg E

“~®Bentonite | | .
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106
Telephone: (406) 656-5308 PAGE 1 OF 1

WOMACK & ASSDCIATES, INC. Fax: (406) 656-8912

Gecltechnical Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 7-i0-01

HOLE NO.: TP-01-13

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: ~550 northwest of northwest comer Lot #1, east edge tree line

0.0-7.0' GRAVELLY CLAY: Light yellowish brown (o gray,
slightly moist to wet at minor seep zenes, medium stiff,
structureless (randomly orienied, discontinuous shale layers

[LANDSLIDE DEBRIS)

—

ELEVATION G.S. (Ft.): 8076 | TOTAL DEPTH (FL): 16 GROUNDWATER LEVEL (Ft.): NA | MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator (

g | 53

3 g okl £ DESCRIPTION 3 5 z
— I . > 18] <[ e a8 b O
TS |l TE 1251 © | couments: =t NG 58 &
S N T o A TT R T = BT : SZ| ! FloE| uw
T T2 (S8 |= |22 & Ful Easlell | F
Ex| 2580 g8l 2 2zx2135(98 43
wic| (23 |ml|z2e] S oQ|xwGZ|F2|lLg
0|0 | @ |voic Swn; O =0|0Q|IJ3aZ 20

2—
3:§
45%
5 %
8 g%
7 :7 7.0-8.0' BENTONITE: Pale yeflow to white, slightly moist,
- A stiff to very stiff (1.5 tsf), highly plastic, scattered angular
8 shale gravel and cobbles, orientation 129°/18° NE at base of
benteniteftop of shale [SHEAR ZONE] /_

9 8.0-16.0' SHALE: Very dark grayish brown, dry to slightly

’ ’ moist, moderately strong, thinly bedded to laminated, blocky
fracture, minor small seeps [ALBINQ, MUDDY and
THERMOPOLIS FORMATION UNDIFFERENTIATED]

!

—
[}

Note: Hard, difficult digging near base of pit

11

[hi

12

13—

14

15

16

o
D

-
=)
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106
Telephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSCCIATES, INC. Fax: (406) 656-8312

Geotechnical Engineering
Geology

PRCJECT NAME: Moonlight Basin Banch DATE: 7-10-01

HOLE NO.: TP-01-14

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: About 250' northwest of northwest corer Lot #1

ELEVATION G.S. {(Ft): 8164 TOTAL DEPTH {Ft.): 17 GROUNDWATER LEVEL (Ft): NA MEASURED FROM:
DRILL TYPE: GAT 318B HAMMER: - |bRILLCO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator
e
- m _—
e |loE| E DESCRIPTION < 5 =
W= < & O
) o T el o > O
i Dl (2B © | comments: ckE| T ~lEwml E
= w | Z5 L Lol L ‘ SZ| | Flos| W
T i S O - T EW| ElnZiE =
El<| 258|888 2 05|, 21SE|ol +%
W Z G n [2El S OQ!rm|gO= ﬂ% wue
a o |vo £ Swl O =0 0n|I3|aZ| 20

0.0-5.0' GRAVEL and COBBLES in a bentonitic clay matrix:
Light yellowish brown to gray, slightly moist to wet at minor
seep zones, medium stiff, structureless (randomly oriented,
disconiinuous shale layers [LANDSLIDE DEBRIS)

[}

(4] )y —
ol b

N

3 %‘%&m\g GRAPHICAL LOG

5]

5.0-10.0" SHALE: Very dark gray to black, dry, hard, blocky
fracture, thickness varies from 1 - 3', some slickensides and
shearing at lower contact, orientation 140°%20° NE at base of
shale [LANDSLIDE DEERIS]

o

2]

wh;nlnn?&m\w
R

D

A

10 B 10.0-17.0" SHALE: Medium brown, dry to slightly moist,
— weak to moderately strong, thinly bedded to laminated,

11— blocky fracture (appears o be in place bedrock) [ALBINO,
- MUDDY and THERMOPOLIS FORMATION

12— UNDIFFERENTIATED]

13ﬁ%

14{%

15— %

16“%

17—

18—

19—
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 591086
Telephone: (406) 656-5338 PAGE 1 OF 1

WOMACK & ASSCCIATES, ING. Fax: (406) 656-8912

Gectechnico] Engineering
Geclogy

PROJECT NAME: Moonfight Basin Ranch DATE: 7-10-01

PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-01-15

TEST HOLE LOCATION: ~100' north/northwest of the northwest comer of Lot #1

ELEVATION G.8. (Ft.): 8044 TOTAL DEPTH (FL.)}: 14 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavatar
: | 53
e e laok| E DESCRIPTION = & z
212 gz 2E 8 L8 [ 8
Lo =t i E ic | COMMENTS: % = > Qs é% o
T I J |0 22 B 2 ElAas E b
Fle o i =210 |Qu| & ) = QNSe=lad] o o
a [<| = 0|0 Qx| < =ZI>Z =g g2
w || <[> |w |2 3 Qolzw|gz 38 YO
06 o |umn|oc Dn| O =0 0a|ld3 oL 20
]k 0.0-1.0° Sandy SILT with scattered gravel: Light to dark
o IR brown, slightly moist, very loose, roots and organic debris
11—~ [TOPSOIL]
:W 1.0-12.0' GRAVEL and COBBLES with a GLAY matrix:
5] Color mixed, light fo dark brown, moist, loose, discontinuous
== lenses and pockets of shale [LANDSLIDE DEBRIS]
3 Eﬁ
4_%
5{%
6—] ;1/96
TE%
8:%
Q—E%
10— %
11—
2 =7/ 12,0-13.5' BENTONITE: White to pale yellow, moist o wet,
—i soft to medium siiff (0.25 to 0.75 tsi), miner sespage along
13— / bottom contact, appears to dip about 10-1 5°NE [SHEAR
Y, ZONE]
14 13.5-14.0' SHALE: Black, dry to slightly moist, moderately
— strong, difficult digging [ALBINQ, MUDDY and
=] THERMOPOLIS FORMATION UNDIFFERENTIATED]
15—
— Note: Excavator refusal at 14", very hard. Pit walls unstable,
16— did not enter pit below 8
17—
18-
19—




5825 Lazy Lane
Billings, MT 59106

TEST HOLE LOG

‘TEST_HOLE. LOG2 MLEBRCHP2.GPJ WOMAGK.GDT 8/9/01

: Telephone: {406) 656-5398 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: (408) 656-8912
Gzotechnicol Engineering
Ceolagy
PROJECT NAME: Moonlight Basin Ranch DATE: 7-10-01
PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NQ.: TP-01-18
TEST HOLE LOCATION: ~150' north of Lot #3
ELEVATION G.8. (Ft.): 8032 TOTAL DEPTH (Ft.): 20 GROUNDWATER LEVEL {Ft.}: NA MEASURED FROM:
DRILL TYPE: CAT 3188 HAMMER: DRILL CC: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator
g 5| 5| 8
3 2ol E DESCRIPTION = z
—_ = o i} T <f, o o > (@]
£S5 &z |Z2=] © | comments: el Esl E
= | ¥ | wlzs W ko WL ' S Z > Lo L
T T J |~V |> 1£Z o0 jusy 18] Elas E =1
L (=2 |Q QU @ oEl OISk |loh| 2%
o |<| 2|00 |9x] < =Z|>=Z 2= |<p| 0=
W iC| < |5 /W [ZF| 4 oo|zw|82|1351 YO
00! o jgm|e Dn| O SO0 00|J3|nE] 20
|l 0.0-0.5" Sandy SILT: Very dark brown, slightly moist, very
:ﬁ loose, roets and organics [TOPSOIL]
1— 0.5-15.0' GRAVEL and CORBLES with a clayey sand matrix:
= Reddish brown, slightly moist to moist {becomes very moist
5= at 8", loosa to madium dense, massive, angular shale gravel
- and small cobbles, about 60% angular to subangular
— andesite gravel and cobbles to 10", 20-30% fine to coarse
3— grained sand, 10-20% plastic fines [GLAGIAL
— DEPOSITS/LANDSLIDE]
4= éﬁs}
siﬁ
6
74 %
8— ég%
9]
10—3%
1= %
125%
13— ﬁ
14—
15 :@0 15.0-20.0' GRAVEL and COBBLES with a sandy clay matrix:
—i Brown to fight brown, very moist to wet at ~19' (sespage into
16— pit), loose, structureless, subangular to angular shale cobbles
— to 6", at 17' SHALE cobbles in clayey matrix
17——-_— % Note: Pit collapsing at 17", walls collapsing - did not enter pit
18— %
195%
A
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5825 Lazy Lane

Billings, MT 58106
Telephone: (406} 656-5398
WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Geotechnical Engineering
Gealogy

TEST HOLE LOG

PAGE 1 OF 1

PROJECT NAME: Moontight Basin Ranch

DATE: 7-10-01

PROJECT LOCATION: Cowboy Heaven, Phase 2

HOLE NO.: TP-01-17

TEST HOLE LOCATION: About 200 northwest of pond, ~300" west of northwest corner Lot 13

ELEVATION G.S. (Ft.): 7964 TOTAL DEPTH {Ft.): 17

GROUNDWATER LEVEL (Ft.):

MEASURED FROM:

DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Ciayton LOGGED BY: gsv
Excavator
g < 5 3
9 L iaFlE DESCRIPTION = 5 z
jul ] [
i |z |EF| © | commenTs: Pel T ~Em| F
- | 2wz |W LZI- o] L 5<Z [”>-_‘ L0 iy,
o <t = 0|0 O « D> z|DE Zu EUJ =
w gl g 3| 2= 3 QO|locw|dg23] > O
0O/0 ¢ |un | [Dn] O S0 00dJ3asl 20
—JaE 0.0-1.0' Sandy SILT: {TOPSOIL]
=N
1 :90 1.0-7.0' GRAVEL, COBBLES and small BOULDERS with
— sandy CLAY matrix: Color mixed, light to dark brown, gray to
2—; black, slightly moist to very moist, very loese to loose,
= angular shale and scattered andesite clasts [LANDSLIDE
_— DEPOSITS]
45%5{%
5{%
6—
7 :7 7.0-6.0' BENTONITE: Discontinuous layer
8— /
g— A _
— 9.0-11.0' GRAVEL, COBBLES and small BOULDERS with
— sandy CLAY matrix: Coler mixed, light to dark brown, gray to
10— black, slightly moist to very moist, very loose to loose,
— ? angular shale and scattered andesite clasts [LANDSLIDE
14— DEPOSITS]
:V/A 11.0-11.5' BENTONITE:
:@0 11.5-17.0' GRAVEL, COBBLES and small BOULDERS with
12— sandy CLAY mafrix: Color mixed, light fo dark brown, gray to
- black, slightly moist to very moist {wet at 15}, very loose to
13— loose, angular shale and scattered andasite clasts
= [LANDSLIDE DEPOSITS]
14:% Note: Pit walls collapsing
15— éﬁ%
16—
17—
18—
19—
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106
Telephone: (406} 656-5398 : PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (408) 656-8912

Geotechnical Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 7-10-01

HOLE NQ.: TP-01-18

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOGCATION: Waest of proposed road switchback, ~100' west of Lot #21

ELEVATION G.8. (Fi.): 7916 TOTAL DEPTH (Ft.): 15 GROUNDWATER LEVEL (Ft.): NA [MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL GO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator
0] L =Z
o) | © O =
= s B o - DESCRIPTION B? ) g
P - . <, o
£l S i x |[ZE] O COMMENTS: i b = Eol F
= O W | Z = | W L ' = = > L] 9: [1E]
T | T | O |0 > |22 6 W Elal|s =< I
Flzlz 2|58 8 oEB|, 2I5Elan| 45
D, 2|29 & ZEl S Oo|rw|0= 5% wo
G| o |vwo|x |[Dw] O =0 |ao|Z3lnZ 20

I

SRS 0.0-1.5" Silty CLAY: Dark brown, slightly moist to moist, soft,
L massive, organics [TOPSOIL]

-

1.5-15.0' Mixed silty CLAY and SHALE: Very dark grayish
brown, moist to wet (seepage at 8', pit filling with water at
12%, medium stiff clay, weak, friable shale, random
orientation, becomes harder and more shale at 14" - difficult
to see below water [LANDSLIDE DEPOSITS]

n

Ll

Note: Pit walls coflapsing - did not enter pit below 8

%]

g

=]

|1

T

(D‘ fos)
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59108

Telephone: (406} 656-5398 . PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912
Geolechnical Engineering
Geology

PROJECT NAME: Mooniight Basin Ranch DATE: 7-11-01

HOLE NO.: TP-01-19

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: South of Lot #2, south side of road

ELEVATION G.8. (Ft.): 8124 TOTAL DEPTH (Ft.): 15 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:

DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator
& T
S 2 ol 8 ©
r E |oE| £ DESCRIPTION < z
<2 sl B S wE & x. 8
i =L ([ [k 2 : El T AlEE
Lo W Z\u: U || COMMENTS: nD:Z > \209\5 i
T | T (=8 |> 22 @ Fuwl ElngE =
F ol |0 |Qu| & wEl_ @ (Se|lal 2L
o <C = O 10O (1Ol <« L=l Z|DE 2u as
W |l < |3 /Wm (2] d oo|zwl@= 1281 Wo
D lC| »|vd £ |Dwn| O =0|oQ/J3|ng 2O
0.0-1.5' Sandy SILT: Medium to dark brown, dry to slightly
— moist, loose, massive, roots and organic debris [TOPSOIL]
11—
I B PN
AN 1.5-18.0' Sandy GRAVEL and COBBLES: Some clayey
2— & °_'< layers, light brown to reddish brown, dry to slightly moist
:_?9- D {water seeping into pit at 14"}, becomes moist at 10, medium
3:5,-_@{ dense, crude stratification in 1'-3' layers (parallef to ground
:'Q_.ES&' slope), about 60% angular to subangular shale, sandstone
:)Q‘.-_B{ and siltstone gravel and cobbles to 10", 25-30% fine to
4.—__5 E coarse grained sand, 10-15% fines [COLLUVIUM]
5_:)"- 6 Note: Harder digging at 15', increase in shale cobble -
::%jbc. probably top of shale bedrock
s g
6—Ja %
=D,
7- 569
O
a—ton.
= qQ
— "-'6?’(
=
=
10j-c_-6°f:
=
1-—pQ(Q
] "-'BQ
—H QG
:'q-&‘_”
13;2;6&:
%
14':@-&“_:
=
15RO
16—
17—
18—
19—
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8825 Lazy Lane TEST HOLE LOG

Billings, MT 59106

: Telephone: (406) 656-5338 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912
Geotechnicol Engineering
Geology
DATE: 7-11-01

PROJECT NAME: Moonlight Basin Ranch

PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-01-20

TEST HOLE LOCAT]ON: Southeast corner of Lot #4, north side of road

ELEVATION G.S. (Ft.): 8108 TOTAL DEPTH (Ft.): 15 GROUNDWATER LEVEL (Ft.}: NA MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator
g | 5 B
i E okl E DESCRIPTION 3 B z
TS 1z [ZE] 8 | commenTs: Hel = B F
~ 2| w|Z5 W |tol & ' SZ| X _Rox| W
| Z! 3 (=0 > |22 & EW EaSE g =
Bz £52/8 |8F| ¢ 25|, 2|5El9h 4
wlc| < &3m |25 3 OQ|zw| 82|32/ L5
o |0 | ¢ |vo|@x Do O =000|I5 g 20
— 0.0-15.0' GRAVEL and COBBLES with sandy clay 1o clayey
— q{:ﬁ sand matrix: Reddish brown, slightly moist to very moist,
1 —r:,)oﬁb: medium dense, massive, about 60% angular fo subangular
7 andesite and shale clasts to 8", 20% fine to coarse grained
o\ sand, 20% plastic fines [COLLUVIUM]
Ecif BC Note: Increase in cobbles in lower 5' of pit, no seepage. Top
3-:-016‘,; ~1.5" topseil stripped by dozer
=P
Q¢
el
50
BN
6oL
)
=Ry
=0
= ge
=Ly
5= B
QT
10{5’-'.@)‘?‘
11 ‘;'OI‘GQ‘
i D
:f‘gok
18— b
S B
142007
15—
16—
17—
18—
19—
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5625 Lazy Lane TEST HOLE LOG

Billings, MT 59106

Telephone: (408) 656-5398 PAGE 1 OF 1
WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912
Gestechnical Enginesring
Geology
DATE: 7-11-0t

PROJECT NAME: Moonlight Basin Ranch

HOLE NO.: TP-01-21

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: South side of Lot #7, north side of road

ELEVATION G.S. (Ft.): 8104 TOTAL DEPTH (Ft.): 18 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator :
g |53
= o E DESCRIPTION < 5 z
— | . > w T <T L [«8 > O
£ 1S [ x 1ZE| Q| commenTs: gl T LEgl F
L0 wiZz=|Ww o] w ' 5Z > Tlos L
T I 4 |=0 > i Z2Z] B 2w P-_-Qg_’;x i
El% 5|58 |8 |8 ¢ 0|, 2|SElew] O
W || < (3w |2 3 Oou:l.uggﬁ%wo
0|0| s ldgmiac |[Sol O Z0/00|JI|nE| 20
—PTi 0.0-18.0' GRAVEL and COBBLES with a clayey sand matrix:
— ".'[2)"( Readdish brown, moist, lcose, massive, about 60-70%
1 :_)g'.Bf subanguiar to angular gravel and cobbles to 10" (andesite
:g-_Q-'Q and shale}, 25-30% fine to coarse grained sand, 5-10%
2:-"-@5&- plastic fines, no seepage [GLACIAL
:)oB( DEPOISTS/COLLUVIUM]
S—EOEBUC Note: Top ~1.5" topsoil strippad by dozer
. =
S as
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59108
Telephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (406) 658-8512

Geptechnical Enginesring
Geoiagy

PROJECT NAME: Moonlight Basin Ranch DATE: 7-11-01

HOLE NO.: TP-01-22

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: End of cul-de-sac, lower road, northeast of Lot 23

ELEVATION G.S. (Ft.): 7856 TOTAL DEPTH (Fi.): 18 GROUNDWATER LEVEL {Ft.): NA MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Clayten LOGGED BY: gsv
Excavator
o | 2
o} ey w O . i
- & lak|l E DESCRIPTION s 5 o
— ] = s | T < N & b O
W L [l e = O [ E~ =
IS L =k = | COMMENTS; o = O
- (=2 w|Z5 W Lol L S22 Z1 ®|oEl W
T | T| 0= |> 2= 5 Fwl ElaZ|E =< —
Flrla 2|0 |QW o wEl 8 S+-lon| 2%
o [ < = [,,0]0 Qx| « =L >=Zlas|<al o=
W || < (&3 W |2 J oo xwlC=|32| W0
AOlol @ |luvm|c Dw| O , So0aIoinZ 20
5y 0.0-1.5' Sandy SILT: {TOPSOIL]
s PO
1—
e BN :
5 1.5-8.0' GRAVEL and COBBLES with a clayey sand to
2—] sandy clay matrix: Reddish brown, leose to madium dense,
= mostly massive with occasional thin lenses of sandy gravel,
5] about 80% angular to subrounded gravel and cobbles,
- andesite and shale clasts, 40% matrix, seepage at 7'-8'
4 :% above clay {LANDSLIDE DEPOSITS]
5— éf%
B—Zﬁ
75%
8—
oL 4 . . S
—=Z 9.0-15.0° Gravelly CLAY: Gray, slightly moist to moist, stiff
— to very stiff, massive, about 50-60% plastic clay, 40-50%
10— coarse grained sand, subrounded gravel and scattered
— cobbles [LANDSLIDE DEPQSITS]
11— P22t
12—
13{%
14—
15 —57 15.0-18.0' GRAVEL and COBBLES with coarse sandy
— matrix: Light brown, wet (seepage at 16", very loose,
16— massive, andesite and shale clasts, 80-90% subangular to
- angular gravel and cobbles to 10", water filling pit, pit
174 collapsing below 15' [LANDSLIDE DEPOSITS]
18—
19—
-




“TEST_HOLE_LOGZ MLBRCHP2.GPJ WOMACK.GDT 8/9/01

5825 Lazy Lane TEST HOLE LOG

Biflings, MT 52106
Telaphone: (406) 856-5308 PAGE 1 OF 1

WOMACK & ASSUCIATES, INC. Fax: (408) 656-8912

Geotechnicat Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 7-11-01

PROJECT LOCATION: Cowboy Heaven, Phase 2 HOLE NO.: TP-01-23

TEST HOLE LOCATION: North side of Lot #24

ELEVATION G.5. (Ft.): 7845 TOTAL DEPTH (Ft.): 17 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL CC: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator
2 K
= e okl E DESCRIPTION 35 z

—_ = - > LUI <L o017 > o
LS =& |ZEE] € | couments: Y| = |Esl F
— |2 wlzx|W|Le T ' SZ| = FlogE| W
T || a2 |~=D|>|Z2Zi @ P toe_,l:x_l
F|loL|Q|=2(|Q QW & |, 250k 2%
o 1L |00 (O] « =2 = —-<Q—JE
Wik | o 1231w |2 J OOrILuQE__lZ'-”O
0|lo| ¢ |(vo | £ |Dn| O S0oa|J3/aZl 20

T 0.0-1.0' Sandy SILT: [TOPSOIL]

=
1 :?Z’ 1.0-17.0' GRAVEL and COBBLES with clayey sand matrix:

— Light brown, moist, locse, massive, about 60% subangular to
2—7 angular shale and sandstone gravel and cobbles to 10",

— 25-30% fine to coarse grained sand, 10-15% plastic clay,
3— increase in large cobbles and small boulders with depth, no

— seepage, pit walls unstable [COLLUVIUM/LANDSLIDE

= DEPOQSITS]
4:2&
5_2%
56— %
75%
SE%
9%%
10— %
115%
12*?%5
13?%
14— é
15—
16—
17— '435
18—
19—
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 58106
Telephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Ceotechrical Engineering
Geology

PRCJECT NAME: Moonlight Basin Ranch DATE: 7-11-01

HOLE NO.: TP-01-24

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: Scuth side of Lot #34

ELEVATION G.S. (Ft.): 7872 TOTAL DEPTH (Ft.): 17 GROUNDWATER LEVEL (Ft.): NA MEASURED FROM:
DRILL TYPE: CAT 3188 HAMMER: DRILL CO: MBR DRILLER: Clayton LOGGED BY: gsv
Excavator
g - &3
3 2 ok E DESCRIPTION 3| 5 =
— - - LLt T <I e a0 > O
S S |E 28] 2 | commens: et I PN L =S
e w izt ly T T ' SZ| zZ| ¥ e w
r | T 0 |SEI> 22| & Ell Bl ey F
FlZ| L =20 |QW o wEl 2 S-lagn| J%
o || = I,0|0 (x| < =Z(>=Z2=<qa|l d=
W | €| < |23 0 (2| J Qolxw|@= |81 WO
010 | g |ve | [Dw! O S0 0a|lID|aZ 20
ket 0.0-1.0" Sandy SILT: [TOPSOIL]
:;,'_"\{.r,“
1 1.0-1.8" Gravelly silty SAND: Light brown, slightly moist,
loose, massive [CCLLUVIUM]
2— 1.8-17.0' SHALE: Dark brown to dark gray, dry to slightly
— moist, thinly bedded to laminated, weak, friable, highly
3 weathered in upper 1.5' (residual soil), moderately weathered
below 3', becomes hard at 17' [ALBINO, MUDDY and
— THERMOPOLIS FORMATION UNDIFFERENTIATED]
4
Bedding orientation 110%14° NE
5-—
6
7:
8—
o]
10—
1}
12—
13-—
14—
15—
16—
17—
18-—
19—]
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59108
Telephone: {406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (406} 656-8812

Gsolechnical Enginsedng
Geolagy

PROJECT NAME: Moonlight Basin Ranch DATE: 7-11-01

HOLE NO.: TP-01-25

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: North side of Lot #25

ELEVATION G.S. (Fi.): 7880 TOTAL DEPTH {Ft.}: 20 GROUNDWATER LEVEL {Ft.): NA ( MEASURED FROM:
DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR ' PRILLER: Clayton LOGGED BY: gsv
Excavator
o L =
S T2 i
3 L InEl F DESCRIPTION 3 5 z
— c s L - < e o p O
c|S L |E [EE! © | commens: re| < Esl E
T || al~2> |22 6 el 11| tg&,;x -
Elo e 2|0 0l g oB|, 2|5c|el 35
a < | =("5(0 |0Or| < 2z|>Z 25|28 a5
w || < &3 |W (2K J Colrw|C=15 wo
OO0 o |ud|e Dwu| O ZS0|oo|DDaZ€l 20
— 0.0-1.0' Sandy SILT: Dark brown, slightly moist, loose,
- . organics [TOPSOIL]
1.0-3.0' Gravelly silty SAND: Light brown, slightly moist,
loose, massive [COLLUVIUM]
3 :9'.\-4&'_; 3.0-8.0' Sandy GRAVEL: Very dark grayish brown, dry to
—ol ‘f’< slightly moist, medium dense, massive, entirely shale clasts
4j_)@' B 1" to 3", angular, random orientation [COLLUVIUM]
=94
5—35’-'-@:}(
—u ST
6 = 6.0-20.0' SHALE: Dark brown to dark gray, dry o slightly
= moist, thinly bedded to laminated, weak, friable, highly
7 weathered in upper 1.5 {residual soil), moderately weathered
below 3", very closely fractured, some interbedded silistone
P [ALBINO, MUDDY and THERMOPOLIS FORMATION
UNDIFFERENTIATED] -
9
10
11—
12
13—
14—
15—
16—
17—
18
19—
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5825 Lazy Lane TEST HOLE LOG

Biltings, MT 59106
Telephone: (406) 656-5398 PAGE 1 OF 1

WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Geotechnical Engineering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 7-11-01

HOLE NO.: TP-01-26

PROJECT LOCATION: Cowboy Heaven, Phase 2

TEST HOLE LOCATION: South side of Lot #36

ELEVATION G.S. (Ft.): 7804 TOTAL DEPTH (Ft.): 17 GROUNDWATER LEVEL (Ft.): NA ' MEASURED FROM:

DRILL TYPE: CAT 318B HAMMER: DRILL CO: MBR DRILLER: Clayton ‘ LOGGED BY: gsv
LExcavator
0] TR =+
O ! @ 0 L
3 & okl = DESCRIPTION CY IS =
— — s LLf T < e o - (@]
£ S | (EE] 271 comments: rtl S EEl |
Tl w izt |w|C o oL g SZ ¢ FTos L
T T 4 |0 |> 2= B = LLf = fa g [ ¢ =l
FE &2 =2 {0 |QW o obl, 2150l 4%
o < 2|00 |0 « =ZL|=Z2i2z|<al g2
WL | < |3 w (2] 3 OQ|lxw| |23 A= wo
0|6 6 || [Dw| O =0 an|J3/8Z| 20
o 0.0-1.0' Sandy SILT: [TOPSOIL]
1 :[;1 e 1.0-3.7' Clayey GRAVEL with COBBLES: Light to medium
=4 > brown, moist, locse, massive, predominantly siltstone and
2—:_)@' 5oy sandstone gravel and cobbles in a sandy clay matrix, some
— (] bentonitic clay zones at lower contact [COLLUVIUM)
3oy
o
4 3.7-17.0° SHALE: Very dark grayish brown, slightly moist to
= moist, weak, friable, thinlg bedded to laminated, very closely
= fractured, orientation 110%20° NE [ALBINO, MUDDY and
5— THERMOPOLIS FORMATION UNDIFFERENTIATED]]
6
7
8
9
10
11—
12
13—
14—
15
16—
17—
18—
19—




PROJECT: Cowboy Heaven Phase 3, Moonlight Basin Ranch , Big Sky, MT

PIT LOCATION: south corner between Lots 15 and 18, about 15' north of road

TEST PIT: TP02-4

Approximate

Pit Dimensions (feet): Length: 15 Wid_th: B Dapth: 13

Date: 7-10-02 Logged By: gsv

Approximate Surface Elevation: 7956' Leg View Direction: south

A WOMACK AND ASSOCIATES, INC.

@ &' -11: Sandy GRAVEL; as above except about 50-60% subangular gravel, scatiered
cobbles to 8" in diameter [Colluvium]

& 11'- 13" Sandy CLAY with Gravel; very light gray to paie yellow, moist, stiff, some oxidation
banding, about 30% fine~grained sand, 15% subangular siltstone gravel to 3" in
diameter, 55% plastic fines (appears bentonitic) [reworked bentonite tayer/Colluvium]

@ 13" -13.5" SILTSTONE; light grayish brown, hard [Albino, Muddy, and Thermogpolis Fm. undiff.]

Note: Soll Classifications (USCS) based on field descriptions

Geslschnical Enginsering Geology Engineering Gecphysica
Excavation Contractor: MER Equipment: CAT Excavator s TGS Honra e
MATERIAL DESCRIPTIONS CRIENTATIONS SAMPLES
(D 0'- 8" Gravelly SAND; reddish to yellowish brown, slightly moist, loose to medium dense,
massive, about 30-40% subangular gravel to 3" in diameter, 40-50% fine- to
cearse-grained sand, 10-20% fow plastic fines [Colluvium]
No Samples
Collected




PROJECT: Cowboy Heaven Phase 3, Moonlight Basin Ranch , Big Sky, MT

PIiT LOCATION: about 100’ north of SW corner Lot 20
Approximate .
Fit Dimensions {feet): Length: 17 Width: 12 Depth: 18 Date: 7-10-02 Logged By: gsv
Approximate Surface Elevation: ~7940' Log View Direction: south A WOMACK AND ASSOCIATES. INC.
7 Geotechnical Erginesring Gealogy Engineering Secphysics
Excavation Confractor: MBR Equipment: CAT Excavator S s
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
@ @'~ 11.5"westend, 0' - 14.5' east end: GRAVEL and COBBLES in Sandy CLAY matrix;
about 40-60% angular, platy shale and siitstone clasts, about 40-60% sandy plastic
clay matrix, dark brown, sfiff, crude stratification parallef to slope [Colluvium]
No Samples
Collected

@ 0.5 thick: Sandy CLAY with scatterad angular gravei; light yellowish brown to gray, moist to
very moist, stiff, oxidation banding, appsars to be bentonitic clay, seepage at
shale contact [reworked bentonitic layer/Colluvium)

@ 12’ - 18 west end, 15' - 18’ east end: SHALE; dark grayish brown, thinly bedded to laminated,
weak, friable [Albino, Muddy, and Thermopolis Fm. undiff,]

Note: Soil Classifications (USCS) based on field descriptions




PROJECT: Cowboy Heaven Phase 3, Moonlight Basin Ranch , Big Sky, MT

Excavation Confractor: MBR Equipment: CAT Excavator

PIT LOCATION: Lot 12, centsrline ski run right-of-way -

Approximate )

Pit Dimensions (feet): Length: 12 Width: 10 Depth: 18 Date: 7-11-02 Logged By: gsv

Approximate Surface Elevation: ~8020" Log View Direction: south A WOMACK AND ASSOCIATES, INC.
Geotechnical Engineating Gedkegy Engineadng Gaophyaics

5825 Lazy Lana, Billings, Montzna 53106
{406) 656-5350 {fax) 6588912

MATERIAL DESCRIPTIONS

(@ 0'-12% GRAVEL, COBBLES, and BOULDERS with Sandy CLAY matrix; grayish brown

to brown, slightly moist to wet at 11' (seepage), loose 1o medium dense, crudely
stratified parallel to slope, about 80% subangular to angular clasts of siltstone,
sandstone, and andesite, about 40% sandy plastic clay matrix (pit walls collapsing)
[Ceilluvium/possibly older landslide deposits]

@ 12'- 16" SANDSTONE; light brownish gray, thin te medium bedding, hard, fractured
[Albino, Muddy, and Thermopolis Formation undifferentiated]

Note: Soil Classifications (USCS) based on field descriptions

ORIENTATIONS SAMPLES

No Samples
Collected




PROJECT: Cowboy Heaven Phase 4, Mbonlight Basin Ranch, Big Sky, MT

PIT LOCATION: east side Pony Express Lift parking lot

TEST PIT: TP02-7

Approximate _

Pit Dimensions (fest): Length: 15 Width: 8 Depth: 16 Date: 7-11-02 Logged By: gsv

Approximate Surface Elevation: ~7760' Log View Direction: south A WOMAGK AND ASSOCIATES. INC.
Geatechnical Engineering Geology Engineering Ceophysics

Excavation Coniracior MBR Equipment: CAT Excavator iy e At

MATERIAL DESCRIPTIONS

(‘D 0'- 5" GRAVEL and COBBLES with clayey sand matrix; mixed dark gray and brown, slighfly
moist, medium dense, stratified in 1-foot thick lifts, scattered roots, strong odor from
decaying organics [Fill]

@ 5' - 6" Sandy SILT, dark reddish brown, slightly moisf, soft to medium stiff, massive
some roots [ Buried Topsoil Layer]

@ 6'- 16" GRAVEL, COBBLES, and BOULDERS with clayey sand matrix; medium brown,
slightly moist to moist, medium dense, massive, about 70% coarse, angular to
subangular clasts up to 1.5 in diameter including andestte, sandstone, and siltstone,
about 30% clayey sand matrix {Colluvium/Glacial Deposits]

Note: Soil Ciassifications (USCS) based on field descriptions

ORIENTATIONS

SAMPLES

No Sarnples
Collected




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

TEST PIT: TP02-8

PIT LOCATION: Central portion Lot 42, west edge of ki run

Approximate )
Pit Dimensions {feet); Length: 15 Widih: 4 Depth: 10.5 Date: 10-1-02 Logged By: gsv
Approximate Surface Elevation: ~8116' Log View Direction: northeast A WOMACK AND ASSOCIATES, INC.
Geotechnieal Engineering Gealegy Engincering Seophysics
Excavation Confractor: MBR Equipment: Deere 200 LC Excavator o e s
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
(D 0’-1.5" Gravelly CLAY; light brown, moist, soft, massive, about 40% angular weathered
claystone/shale gravel to 3 inches in diameter, roots and sod near surface
[Cotluvium]
No Samples
Collected
@ 1.5 -10.5" CLAYSTONE/SHALE; light gray, weathers fo light brown, slightly moist, very weak .
to weak, thinly bedded, very closely fractured, easily breaks into 3/8" to 1" pieces, siltstone
moderately weathered, interbedded with 4" to 6" layers of hard siitstone 280/22 NE

[Albino, Muddy, and Thermopolis Fm. undifferentiated)

Note: Soil Classifications (USCS) based on field descriptions




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

PIT LOCATION: Near northeast corner of Lot 42, east edge of ski run

TEST PIT: TP02-9

moderately strong, medium to closely fractured, breakes into 3" to 1" blocks,
sand filling fractures, moderately weathered [Albino, Muddy, and
TFhermepolis Fm. undifferentiated]

@ 6.0' - 15.0": SHALE; dark grayish brown, moist, weak, thinly bedded to laminated,
fissile, closely ta very closely fractured, moderately weathered

[Albino, Muddy, and Thermopelis Fm. undifferentiated]
@ 7.8 2"to 3" thick layer of yellow clay; medium siiff fo stiff with some soft pockets

@ 14.5'- 15" Sandy CLAY (appears bentonitic); light yellow-brown, moist, stiff, some gravel

@ 15" - 17" SHALE; very dark brownish gray to black, thinly bedded to laminated, moderately
strong, fissile, closely fractured, slightly to moderately weathered
[Albino, Muddy, and Thermepelis Fm. undifferentiated]

Note: Soil Classifications (USCS) based on field descriptions

Approximate .
Pit Dimensions (feet); Length: 15 Width: 4 Depth: 17 Date: 10-1-02 Legged By: gsv
Approximate Surface Elevation: ~8080' Log View Direction: west A WOMACK AND ASSOCIATES, INC.
Beateohnloal Engineering Geology Enginesring Geoplysics
Excavation Contractor: MBR Equipment: Deere 200 LC Excavator s b il
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
@ 0'-1.8" Sandy GRAVEL with Cobbles; medium to dark brown, moist, loose,
rmassive, rocts [Colluvium}
(@ 1.8'- 6.0 SANDSTONE; very fine- to fine-grained, light gray weathering to light brown, N(? ﬁacf?Pées
ollecte




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT
TEST PIT: TP02-10

PIT LOCATION: ~200' north of Lot 42, west edge of ski run

Approximate

Pit Dimensions (feet): Length: 16 Width: 5 Depth: 12 Date: 10-1-02 Logged By: gsv
Approximate Surface Elevation: ~8072" Log View Direciion: northeast A WOMACK AND ASSOCIATES, INC.
‘Geolechnical Enginearing Beslogy Engineering Gecphysics
Excavation Contractor. MBR Equipment: Deere 200 LC Excavator oo Sy g, Mortens sonce
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
@ (0'-2" Gravelly CLAY; brownish gray, mosit, medium stiff, massive, angular shale and sandstone
gravel to 2" in diameter [Colluvium]
No Samples
Collected
@ 2'-12: SHALE; silty, dark brown fo black, moist, very weak fo weak, fissile, thinly bedded to
laminated, very closely fractured [Albino, Muddy, and Thermopolis Fm undifferentiated] 2'3%(];381?:

@ 4': yellowish brown gravelly CLAY layer, moist, medium stiff, plastic

@ 8' to 10" grades to sandy SHALE

Nate: Seil Classifications (USCS) based on fisld descriptions




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

PIT LOCATION: Approximately 400" north of Lot 42, east edge of ski run

TEST PIT: TP02-11

highly to mederately weathered, very closely to closely fractured, some internal
shearing {arcuate, discontinuous 1/4* thick clay seam) [Albino, muddy, and
Thermopolis Fm. undifferentiated]

@ 5" 3" thick iayer of yellow bentonitic CLAY; slightly moist, stiff, inclined at ~20 degrees N

@ 8" 7" thick layer of light yellowish gray bentonitic CLAY, moist, medium stiff to stiff

@ 15'- 17": SHALE; very dark brownish gray to black, thinly bedded fo laminated, moderately
strong, fissile, closely fractured, slightly to moderately weathered
[Albino, Muddy, and Thermopolis Fm. undifferentiated}

Note: Soil Classifications (USCS) based on field descriptions

Approximate ]
Pit Dimensions (feet): Length: 17 Width: & Depth: 12 Date: 10-1-02 Logged By: gsv
Approximate Surface Elevation: ~8032' Log View Direction; west A WOMACK AND ASSOCIATES INC.
- Gewtechnical Engineering Geology Enginearing Gecphysica
Excavation Contractor: MBR Equipment: Deere 200 LC Excavaior ey ot ponaot
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
@ 0'- 24" Sandy CLAY, grayish brown, meist, medium stiff, massive, angular coarse-grainsd
sand and gravel to 1" in diameter (shale gravel), roots [Colluvium]
(@ 24'- 8.6 SHALE; light to dark brownish gray, stightly moist, very weal, thinly bedded, Ng ﬁﬂngpées
ollecte




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

PIT LOCATION: Northeast porticn of Lot 37, west edge of ski run

TEST PIT: TP02-12

Approximate .

Pit Dimensions (fasty:  Length: 17 Width: 5 Depth: 15

Date: 10-1-02 Logged By: gsv

Approximate Surface Elevation: ~8144' Log View Direction: east

A WOMACK AND ASSOCIATES, INC.

(@) 3 -7 SHALE; brownish gray weathering to light brown, slightly moist to moist, very weak, very
thirly bedded, very closely fractured, moderately weathered, some intemnal shearing
{arcuate, discontinuous fractures and contorfed beds) [Albino, Muddy, and
Thermopolis Fm. undifferentiated]

@ 7'-15" SHALE; very dark brownish gray to black, slightly moist, weak, very thin to medium
bedding with 6" to 1.5’ beds, closely to moderately fractured, moderately weatered
[Albino, Muddy, and Thermopolis Fm. undifferentiated]

Geolechnical Engineating Genlogy Engineering Geophysica
Excavation Contractor: MBR Equipment: Deere 200 LC Excavator il
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
(D 0'-3" Gravelly to Sandy CLAY; light grayish brown, molst, stiff, plastic, massive, about 20-30%
angular sandstone and shale gravel to 3" in diameter, about 10-15% fine- to coarse-
grained sand [Colluvium] ’
No Samples
Collected

Note: Scil Classifications (USCS) based on field descriptions




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranbh , Big Sky, MT

@ 12’ 3" thick layer of light yellowish gray bentonitic CLAY, moist, stiff to stff

strong, fissile, closely fractured, slightly to moderately weathered
[Albino, Muddy, and Thermopolis Fm. undifferentiated]

Note: Seil Classifications {(USCS) based on field descriptions

(@ 12.3'- 15" SHALE; very dark brownish gray to black, very thinly bedded to laminated, moderately

plane, slightly steeper
than bedding {7?)

PIT LOCATION: East portion of Lot 37, west edge of ski run
Approximalte .
Pit Dimensions (feet): Length: 15 Width: 5 Depth: 15 Date: 10-1-02 Logged By: gsv
Approximate Surface Elevation: ~8172' Log View Direction: east A WOMACK AND ASSOCIATES. ING.
Geetachnleal Engineering Gaology Engincering Geophysica
Excavation Contractor: MBR Equipment: Deera 200 L C Excavator ot o s
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
(‘D 0'- 3" Gravelly to Sandy CLAY; light grayish brown, moist, stiff, plastic, massive, anguiar
shale and sandstone gravel to 2" in diameter, roots [Coltuviurn]
@ 3'-12% SHALE; silty, light brownish gray, slightly moist, very weak to weak, very thinly bedded, No Samples
highly to moderately weathered, very closely to closely fractured, some arcuate, Shale bed Collected
discontinuous fracture planes, reddish brown mottling [Albino, Muddy, and 280/33 N
Thermopolis Fm. undifferentiated] *possibly fracture




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

TEST PIT: TP02-14

PIT LOCATION: East portion of Lot 41, west edge of road

Approximate

Pit Dimensions (feet); Length: 18 Width: 5 Depth: 15 Date: 10-1-02 Logged By: gsv
Approximate Surface Elevation: ~8116' Log View Direction: south A WOMACK AND ASSOCIATES. ING.
Geolechnical Engineering Geology Engineering Geophysics
Excavation Contractor: MBR Equipment: Deere 200 LC Excavator s ooy b
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
(1) 0'- 3" (eastend of pit) Fill under road prism, siity soil and organic debris from logging
. . . . . No Samples
@ 0 -6.5: (westend of pit} Gravelly CLAY with Cobbles; brown, moist to very moist, medium stiff Collected

to stiff, massive, plastic, angutar shale and sandstone gravel to 3" in diameter,
angular sandstone cobbles to 1.5 in diameter [Colluvium]

H@ 6.5'- 15" SHALE; dark brown to brownish gray, moist to wet at contact (seepage at 8.5,

very weak to weak, velg thinly bedded, very closely fractured, highly to moderately
weathered [Albino, Muddy, and Thermopolis Fm. undifferentiated)

Note: Soit Classifications (USCS) based on field descriptions

| Scaled 1 _in=_5_f:




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

TEST PIT: TP02-15

PIT LOCATION: Southwest portion of Lot 41, northeast edge of road

Approximate . :
Pit Dimensions {feet): Length: 18 Width: 5 Depth: 18 Date: 10-1-02 Logged By: gsv
Approximate Surface Elevation: ~8116' Log View Direction: north A WOMACK AND ASSOCIATES, ING.
Geotechnical Enginesring Geology Enginesring Gecphysics
Excavation Contractor: MBR Equipment: Deere 200 L.C Excavator Y e nyerrri
MATERIAL DESCRIPTIONS - ORIENTATIONS SAMPLES
(D 0'-2.5" GRAVEL and COBBLES with Silty Sand matrix: dark reddish brown, moist, loose,
massive, subangular sandstone and andesite gravel to 3" in diameter, cobbles
to 5” in diameter [Colluvium]
No Samples
Collected

® 2.5"'-4.7": Silty SAND; strong reddish brawn, moist, medium dense, massive to faintly
stratified, scattered highly weathered (grus) andesite gravel and cobbles
[Glacial Deposits]

(3) 4.7'-18: GRAVEL and COBBLES with clayey sand to sandy clay matrix; medium brown fo
reddish brown, moist to very moist, medium dense, massive, about 60%
subangular {(some subrounded) gravel and cobbles to 7" in diameter (includes
sandstone, siltstone, and andesite), about 40% fine- to coarse-grained sand

and low plastic fines [Glacial Deposits]

Note: Soil Classifications (USCS) based on field descriptions

Gr:




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

TEST PIT: TP02-16

PIT LOCATION: West portion of Lot 40, east edge of skirun

Approximate i
Pit Dimensions (feet): Length: 18 Width; & Depth: 17 Dats: 10-1-02 Logged By: gsv
Approximate Surface Elevation: ~8154' Log View Direction: west A WOMACK AND ASSOCIATES. INC.
Geotechnical Engieedng Geolgy Engineering Geeghysics
Excavation Contractor: MBR Equipment: Deere 200 LC Excavator iyt i
MATERIAL DESCRIPTIONS ORIENTATIONS SAMPLES
(D 0 -4 Gravelly Sitty SAND; reddish brown, slightly moist, loose, stratified in 47 to 67 layers
parailel to slope, angular to subangular andesite, sandstone, and shale grave! to 3"
in diameter [Colluvium]
No Samples
Collected

® 4'- 8.5 Siity SAND with scattered gravel; fine- io medium-grained, strong reddish brown,
slightly moist, mediurn dense, massive [Glacial Deposits)

@ 6.5 -14" GRAVEL and COBBLES with silty to clayey sand matrix; dark reddish brown,

slightty moist, medium dense, massive, about 70% subangular sandstone, siltstone,
shale, and andesite gravel and cobbles to 10" in diameter, about 25% sandy

mafrix [Glacial Deposits]

@ 14"~ 15.5" Sandy Clayey GRAVEL fo Gravelly CLAY; very dark brown, moist, very stiff and
dense, massive, subrounded andesite gravel to 1 1/2" in diameter

(B 15.5'- 17 GRAVEL and COBBLES with silty to clayey sand matrix; [Glacial Deposits]

Note: Scil Classifications (USCS) based on field descriptions

iy Scaie X




PROJECT: Cowboy Heaven Phase 3A, Moonlight Basin Ranch , Big Sky, MT

PIT LOCATION: West portion of Lot 39, east edge of ski run

TEST PIT: 7P02-17

Approximate

Pit Dimensions (feet):  Length: 15 Width: 5 Depth; 12 Date: 10-1-02 Logged By: gsv

Approximate Surface Elevation: ~8212° Log View Direction: west A WOMACK AND ASSOCIATES. INC.
Geotechnical Engineering Geology Engineering Gecphysics

Excavation Contractor: MBR . Equipment: Deere 200 LC Excavator e

MATERIAL DESCRIPTIONS

3D 0'-2' Sendy GRAVEL; dark reddish hrown, moist, loose, massive, angular o subangular
gravel o 3" in diameter, scattered cobbles [Colluvium]

® 2'-12": GRAVEL and COBBLES with silty sand matrix; dark reddish brown, slightly meist to
moist, loose fo medium dense, massive to stratified with 4" thick dark brown
gravelly CLAY layer at 7', about 80% angular to subanguilar sandstone, silfstone,
and andesite gravel and cobbles, scattered small boulders, about 20% silty fine-
to medium- grained sand matrix [Glacial Deposits]

ORIENTATIONS SAMPLES

No Samples
Collected

MNote: Soil Classifications (USCS) based on field descriptions

Sravelly Clay - | -
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 59106
Telephone: {406) 656-5398 PAGE 1 OF 2

WOMACK & ASSOCIATES, INC. Fax: (408) 656-8912

Geotecnnical Engineering
Geology

PRCOJECT NAME: Moonlight Basin Ranch DATE: 9-5-02

PROJEGT LOCATION: Cowboy Heaven Phase 3-B HOLE NO.: BH02-7

TEST HOLE LOCATION: Approximately between Lots 46 and 47 of Cowboy Heaven Phase 3 Development

ELEVATION G.8. (ft.): ~7828 TOTAL DEPTH (ft.}: 50 GROUNDWATER LEVEL (it.). 29 ' MEASURED FROM: Ground Surface
DRILL TYPE: CME 850 HAMMER: 140 # Automaiic DRILL CO: HazTech Drilling l DRILLER: Sam l LOGGED BY: gsv
g -1 53
o & |laE| £ DESCRIPTION 3 & z
~d i << o )
S| = FlE |Z2E] O wo R S 2
£ 10 —IL E Lol i | COMMENTS: Drill with 8 1/2" OD, 4 1/4" ID hollow stem augers.| cC E | XS5 E
T T ﬂ éa = |Z % 7 Sample using 2" split-spoon sampler without liners, NW-rods, and 2 {; Eln —| O ]
Eoig | L Z (O |Oil| ¢ | 140 pound CME autohammer 5 = @|5 25 x| = %.
s = - O (O = > Z = =
bl 2290 |zE 3 OOEMQE_‘E% o2
6 0| d|od|E Do O =o|on|I5|aZl =20
E}.\’ 0.0-12.0ft Clayey to Silty Sandy GRAVEL with cobbles;
s NG yellowish brown, slighlly moist to very moist, medium dense,
—0%y0 massive, subangular siltstone and andesite gravel to 1 1/2"
2_2“%9_':% [Landslide Debris]
e
3300
SRR
4: 09.;,0
= NN
5 a0 1 15 | 50
E%’ob:é?"d
= AR
b9
7=l
=209
8- 54N
HROLA
9—;&5@?
10 é%}%ig 2 15 35
E?. 3 'H.-&
=
o Ay L e .
12 =7 12.0-23.01t Gravelly Sandy GLAY; light yeliowish brown to
13— gray, slightly moist to moist, sfiff to very stiff, plastic, massive,
= about 25% subangular to subroundad gravel to 3/4", 25%
14— / medium- to coarse-grained sand, 50% plastic fines
155 3 >< 13 55 [Landslide Debris]
16—
17— '
w1
19— /
20;;‘ 4 16 35
2 2 %
22- %
23%/
24 [~ 24.0-38.01 Tiayey Sandy GRAVEL; brown, very moist to wet
25-5 5 30 55 at 29, medium dense to dense, massive about 40%
— subangualr shale, silistone, sandstone, and andesite gravel
26— . to 1 1/2", 35% medium- to coarse-grained sand, 25% plastic
oy = fines [Landslide Debris]
= %
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WOMACK & ASSOCIATES, INC.

Geotechnical £ngineering
Geology

5825 Lazy Lane

Billings, MT 59106
Telephone: (408) 656-5398
Fax: (406) 656-8912

TEST HOLE LOG

PAGE 2

OF 2

PROJECT NAME: Moonlight Basin Ranch

DATE: 8-5-02

PROJECT LOCATION: Cowboy Heaven Phase 3-B

HOLE NO.: BHO2-7

DEPTH (ft.)

SAMPLE

S.P.T. (N)
BLOWS/FT,

RECOVERY (%)

DESCRIPTION

UNCONFINED
STRENGTH (TSF)
CLASSIFICATION

DENSITY (PCF)
LIQUID
PLASTICITY
INDEX (%)

MOISTURE
CONTENT (%)
WELL

DRY
LIMITS (%)

COMPLETION

N
(i

w o
a
HIH

34—

[40] L) (M)
~! (23] [4)]
IR

\

3]
[54]

Ja
o«

298828892382
AN

o
[Zs]

bl

2]
o

S

N GRAPHICAL LOG

s

[o)]

28

55

Honbudid

b8

100

N\

\I

86

100

10

50/3"

100

38.0-42.0ft CLAY; dark brownish gray, dry to slightly moist,
hard, massive, reddish brown oxidation mottling [Residual
Shale] :

42.0-50.0ft SHALE; very dask gray, dry 1o slightly molst,
wealk, faintly faminated, extremely fractured, some red-brown
motiling [Albino, Muddy, and Thermopolis Formation
undifferentiated]

B
e gty




5825 Lazy Lane TEST HOLE LOG

Billings, MT 53106
Telephone: (406) 656-5398 PAGE 1 OF 2

WOMACK & ASSOCIATES, INC. Fax: (406) 656-8912

Geolechnical Engineering
Geclogy

PROJECT NAME: Mooniight Basin Ranch DATE: 9-6-02

HOLE NQ.: BHO2-8

PROJECT LOCATION: Cowboy Heaven Phase 3-B

TEST HOLE LOCATION: Approximately between Lots 47 and 48 of Cowboy Heaven Phase 3 Development

ELEVATION G.S. {ft.): ~7820 TOTAL DEPTH (ft.): 58 GROUNDWATER LEVEL (ft.): 24 ) MEASURED FROM: Ground Surface
DRILL TYPE: CME 850 HAMMER: 140 # Automatic DRILL CO: HazTech Drilling ' DRILLER: Sam ' LOGGED BY: gsv
8 - 53
=3 & lakl £ DESCRIPTION 35 z
o
— > B < o a > O
== Hir 2R O " w, | = zlEs B
*r &) =L i = = COMMENTS: Drill with 8 1/2" OD, 4 1/4" ID hollow stem augers.| {C > Pl e
TiE W25 Y O| % | sampte using 2* split- ampler without i NW-rods, and D 5 — oz u
T | T 0|59 |> 22| 7 pte using 2" split-spoon samplar without liners, ) P2ul ElagiE 3
Floal o =2 (Q Q| ¢ | 140 pound CME autohammer 0 E BISE|w 0, ~ %
o. <T = . QO O = >z =
wlael 228 3 |28 5 Oou:u.lgéﬁg wo
O |0 v |va | So|l O S0lon|J3leZ| 20
= 0.0-29.0ft SiHty to Clayey Sandy GRAVEL with cobbles;
1= brown, slightlty moist to moist, loose to medium dense,
= massive, siltstone, sandstone, and shale gravel [Landslide .
2 Debris]
=
45
Sé% 8 30
=
=
=
9-= %
105 % 8 |55
13 %
125
13—%%
14—5%
15= 5555 7 | a0
16—

24—;%
255% 19 0

m
&\

“YTEST_HOLE_LOGE MBROZ.GPJ WOMACK.GDT 11/7/02
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WOMACK & ASSCCIATES, IMC.

Gectecnnical Engingering

Geology

5825 Lazy Lane

Billings, MT 59108
Telephone: (406} 656-5398
Fax: (406) 656-8912

TEST HOLE LOG

PAGE 2 OF 2

PROJECT NAME: Moconlight Basin Ranch

DATE: 9-6-02

PROJECT LOCATION: Cowboy Heaven Phase 3-B

HOLE NO.: BHO2-8

@ L =
0 T nl 0 o
] S okl F DESCRIPTION ) =
4 WXl < = 2 )
= 5 —_f 1 |[= = Tk T Es =
S 2w | Fs W L] i SZ 2| £log) W
T || 21=D (2 (22 & W EloglE a
Fol k2|0 |0 & nEl Bi=2nN 2
o | L] =S 100 S| « Pzi>z|25|2W IS
w || < 5w |2 35 QOo|zw(@E {52 Lo
0|0 ¢ |ovn | Dw! O 200|335 Z€l 20
29§ " '20.0-36.0ft Gravelly to Sandy CLAY; light brown to light gray,
30— 2 260|100 moist to very moist, very stiff, plastic (appears bentonitic),
= massive, some red-brown oxidation mottling [Landslide
31= Debris]
32—
33—
34—
35;3/ 3 22 100
36—
373 /
e
e |~ 36.0-44 Gt Clayey Sandy GRAVEL and COBBLES; brown,
a0-—n.a 4 59 40 very moist, very dense, massive, angular broken sandstone
=il gravel to 1 1/2" in diameter [Landslide Debris}
i 29|
.
=
=Rad
B St
44-Z525
= 44.0-49.0ft CLAY; dark brownish gray, moist, hard, massive
45— 5 56 100 [Residual Shale] :
46— /
47 =1
8=
49 “ " 49.0-55.0f SHALE; very dark gray, slightly moist, very weak,
50 50/4" | 100 laminated to stratified with 1-3" layers of very fine sandy
= siltstone, clossly to extremely fractured, weathered [Albino,
51 —] Muddy, and Tharmopolis Formation undiiferentiated)
52—
53 =
54—
= 6 50/68" | 100
55—
56—
57
58—
59—
80=
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5825 Lazy Lane TEST HOLE LOG

Billings, MT 52106
Telephone: (408) 656-5398 PAGE 1 OF 2

WOMACK & ASSOCIATES, ING. Fax: (406) 656-8912

Geotechnical Engineering
Geology

PROJECT NAME: Moenlight Basin Ranch DATE: 9-6-02

PROJECT LOCATION: Cowboy Heaven Phase 3-B HOLE NO.: BHO2-g

TEST HOLE LOCATION: Approximately in the west-central portion of Lot 49, Cowboy Heaven Phase 3 Devslapment

MEASURED FROM: Ground Surfacse

ELEVATION G.8. (ft.): ~7830 TOTAL DEPTH (ft.): 455 GROUNDWATER LEVEL (ft.y: 34

DRILL TYPE: CME 850 HAMMER: 140 # Automatic DRILL GO: HazTech Drilling [ DRILLER: Sam l LOGGED BY: gsv
: 2| 53
] e oE| E DESCRIPTION < z
| s < < h > o
- | < =l [Z2E O ) e L ~EAl =
£ 1 g suw | L IFE i | GOMMENTS: Drill with 8 1/2" OD, 4 1/4" ID hollow stem augers.| C lz N G2 u'_.;
; T ﬂ 5;}5 = |=Z g = Sample using 2" split-spoon sampler without liners, NW-rods, and] 2 i Elpa - __J
=zl |-= |0 |0 ngJ 140 pound CME autchammer 5 = ® = E 5 Xl 2L
o <L = |,0|0 |Ox| <« =Zi>z|2s| <y Z=2
W [ L] & (&3 1W 1Z-] OCQO|xw|O= S5 Eo
0|6 v |vo | £ (Sw| O 2000|350 Z( 20
E// / 0.0-10.0ft Sandy CLAY with scattered gravel; light brown to
1= reddish brown, slightly moist, stiff, massive, angular
= / sandstone gravel [Colluvium]
4;_3/
5= / 1 14 | 80
6= /
:
£ ]
9%/
1o = 2 87 1100/ (L _____
= 10.0-24.0it Clayey Sandy GRAVEL; dark brown to brown to
11—= gray, sfightly moist to moist, medium dense to dense,
= massive, angular shale, siltstone, and sandstone gravel
12— [Landslide Debris]
13-=
14—
1 5_2 % 3 >< 25 65
16—
17—
105
= gﬁfé
202 % 4 >< 37 75
215
22-3%
=
24 i | 24.0-230ft Sandy GRAVEL; dark gray, dry, medium dense,
55— Q-B‘?‘ 5. 24 40 massive, mostly angular siltstone gravel [Landslide Debiis]
e D
26 597
o f§%
27— o'.-B{
A




WOMACK & ASSOCIATES, INC.

Geotechnics! Engineering
Ceclogy

5825 Lazy Lane

Billings, MT 538106
Telephone: (408) 656-5308
Fax: (408) 655-8912

TEST HOLE LOG

PAGE 2 OF 2

PROJECT NAME: Mocnlight Basin Ranch

DATE: 8-8-02

PROJECT LOCATION: Cowboy Heaven Phase 3-B

HOLE NO.: BH02-8

DEPTH (ft.)

GRAPHICAL LOG

SAMPLE

S.P.T. (N)
BLOWS/FT.

RECOVERY (%)
UNCONFINED

DESCRIPTION

STRENGTH (TSF)
CLASSIFICATION

MOISTURE

DENSITY (PCF)
LIQUID
PLASTICITY
INDEX (%)

LIMITS (%)
WELL

CONTENT (%)
DRY

COMPLETION

" TEST_HOLE_LOG2 MBRO2.GPJ WOMACK.GDT 1177002

[\*]
w

(W)
<

AN

93]
ity

€0
V]

]
[ 5]

3]
I

W
(3]

4]
[e)]

[41]
[4=]

[o)]
)

g
€
e/

N

=2}

16

e

16

80

m&%m

duihonly

50/8"

100

Hl

80

100

29.0-39.0ft Clayey to Silty Sandy GRAVEL; brown and dark
gray, moist to wet at 34', medium dense, massive, angular
shale gravel [Landslide Debris]

39.0-45.5ft SHALE; very dark gray, dry to very moist at
contact with gravel, very weak, laminated, extremely

.. fractured, moderately to highly. weathered, some reddish
brown cxidation mottling [Albino, Muddy, and Thermepolis
Formation undifferentiated]




’ TEST_HOLE_LOGZ MBRO2.GPJ WOMACK.GDT 11/7/02

5825 Lazy Lane TEST HOLE LOG

///////// Billings, MT 59108
PAGE 1 OF 2

Telephone: {(406) 656-5398
WOMACK & ASSOCIATES, INC. Fax: {406) 656-8912

Geotechnicol Enginesring
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 9-6-02

HOLE NO.: BHO2-10

PROJECT LOCATION: Cowboy Heaven Phase 3-B

TEST HOLE LOCATION: Approximately in the southwest comner of Lot 26, Cowboy Heaven Phase 3 developement

ELEVATION G.S. (ft.): ~7840 TOTAL DEPTH (ft.): 30.5 GROUNDWATER LEVEL (ft.: na MEASURED FROM: na
DRILL TYPE: CME 850 HAMMER: 140 # Automatic DRILL CO: HazTech Drilling DRILLER: Sam LOGGED BY: gsv
)
g =1 55
r & akE| £ DESCRIPTION 3 & z
4 TT el S & s}
=T FlxE IZE| O w= L SEa E
= O —~ | e = COMMENTS: Drill with 8 1/2" OD, 4 1/4" ID hollow stem augers.| £ E ol ) =
= b W |z lw (Lo W h S ! . prd > St se Lt
- T g =0 i> |22 B Sample using 2" split-spoon sampler without liners, NW-rods, and E ] = aeole =~ -
- 0. o[ <0 (0wl & 140 pound CME auichammer w E [73) SFE 5 ﬁ — %
n | <| = . QO (O = -Z = -1
mic| 29 nl|zE S QoI w|C= 5% wao
O |C|d o L |Dn| O 20 00|33 E] 20
E}gﬁ-".‘é 0.0-4.0ft .Sandy GRAVEL and COBBLES,; light brown, dry,
1 E;’ghb% loose, massive, sandstone and andesite clasts [Colluvium]
=
=S
3204
=0
a0 VY
= 4.0-24.0ft Clayey to Sandy GRAVEL; monolitholegic (shale
5-— 1 53 (100 gravel}, dark brownish gray, dry to slightly moist, medium
= dense to dense, massive, angular shale gravel with pockeis
86— of gray-brown sandy clay {Landslide Debris]
7

Hmmmm
RE

9 —

103 2 Y| s |75
11%%

12%%

13-

14—

15_:% 3 [{l 31 |es

R

205%4 28 | 100

>< ' 24.0-29.0ft CLAY; brownish gray, moist, stiff to very stiff,

\¥]
B~

15 1100 massive, some reddish brown mottling [Residual Shale]

na
&l

S
i

n
~
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5825 Lazy Lans TEST HOLE LOG

Billings, MT 59108
Telephone: (408) 656-5398 PAGE 2 OF 2

WOMACK & ASSOCIATES, INC. Fax: (406} 656-8912

Gectechnical Engingering
Geology

PROJECT NAME: Moonlight Basin Ranch DATE: 8-8-02

HOLE NO.: BHO02-10

PROJECT LOCATION: Cowboy Heavsn Phase 3-B

DESCRIPTION

DENSITY (PCF)
LIQUID
PLASTICITY
INDEX (%)
COMPLETION

MOISTURE
CONTENT (%)
WELL

CLASSIFICATION
DRY
LIMITS (%)

DEPTH (ft.)
GRAPHICAL LOG
SAMPLE

S.P.T. (N)
BLOWS/FT.
RECOVERY (%)
UNCONFINED
STRENGTH (TSF)

20.0-30.5ft SHALE; very dark brownish gray, slightly moist,
6 &1 100 weak, laminated, extremely fractured, moderately weathered

[Albino, Muddy, and Thermopolis Formnation /
\undifferenﬁated]
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